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The ;gg-p~oducing s~gment 9f ~qe J!Oultry indtfls~,ry is more ;l:lnport:ant 
Ii ,. 
' ' 
economically t~an t'he. meat-producing segment. Despite this fact 11!:uch 1e,s 
is known about the specific requirements and nutritional problems.of the 
laying hen than of the growing broiler or turkey. 
.. \ 
No area of study in 
the field of poultry nutrition research appears to be yielding such contra-
··-:;·r 
dictory results as that pertaining to the nutrient requirements of laying 
. : .~: . . . ··. : 
hens. These nutrient requirrments are,norm.ally expressed as a percentage 
of the total ration or in units per pound, with little consideration being 
given to the many factors which.are known to influence total feed intake 
. . . 
and cansequently affect the requi1;ements for protein, amino acids, energy 
and vitamins. 
There has been considerable researc1h and discussion concerning the 
protein requirement of laying hens. Available res.e~rch findings suggest 
that.any level of dietary protei~-b~tween 11 and 18 percent is adequate ~. . . 
for normal egg production. Many factors have probably contributed to 
this· wide range of, suggested protein levels. For instance, there is no 
doubt of the intrinsic importance of a.proper ratio of metabolizable 
' 
energy and digestible protein for chicks and other animals. This same 
mech~nism must be important with hens, but it has not been clearly demon-
.. 
strated. Other fac1tors _which regulate the protein requirem~nt include 
total feed intake, level of egg productian, amino acid balan_ee and avail-
ability, and vitamin levels as well as dietary energy level. 
1 
Since the laying hen has not been yery, sensitive in her response ,_to 
energy:protein ratios, the determination of energy requirements has been 
a very complex problem. The energy content of the diet has a v~ry defin-
ite ef feet dQ. feed. consumption and yet it. has. been ·,u~own that: liens can 
' ' ', .·• ' ·. ::,::1 ' ;·:·. ' ,· ' ' ' ' 
maintai~ their body ~eight and ~· nol:lna.i· tate ·,of egg production on energy 
levels ranginJ from _740 to, 1025 Calories· of px-oductive energy per pound. 
I. ' . . , .. · . ' 
' . ' 
Research data on the vit~min requireQtents af laying hens are very 
' ' I··,-- ;' • 
limitedo The general consensus of opinion is that the vitamin require-
ment~ 1;:,ec.~ ~ore exaeting as e~g\,roduction is increasei to higher levels 
.· I .· " ... .,, , .. 
a~d as ies~. fe~~ ~s required t~ produce a dozeio of e~g_s._ However, the 
tYJ;>e o,f contradictions that are fo?~d. in .,~rotein and ,energy requirements 
ar~ also found in the vitamin requirements. 
The primary objective of this s~udy was ~o ,develop a more precise 
method of detennin:l.ng and expressing the nutritive requirements-of the 
laying.hen. It 'fia, reasoned that more consideration would be given to . :, ·• 
.4otal nutrient intake, nutrient interrelatiqnships and other factors which 
I \ ! 
·_-j 
go'!!rn nutrient requirements, i 1f these requir'11tents were expressed on a 
I 
nut.r~ent ~rttake ~asi~ anfi determined thl:'~>Ugh a technique which would allow 
nutrient intake control. 
REVIEW OF LITERATURE 
.Protein Requirements of Laying Hens 
The problSlll of providing the correct quality and quantity of protein 
. I ' 
is one o_f the major problems invo}ved. in formulating diets for laying hens. 
Protein apparently exerts more 5ontr0Lever the rate of egg production 
than does any other single nutrient. Therefore, the protein level of ex-
perimental diets must 1?~ adequate or the effe,cts of other nutrients cannot 
be measured accurately. On the other hand, from a practical viewpoint, 
protein is expensive and it would be desirable to hold the protein level 
low enough to prevent any possible waste. 
Heuser_(1'941) reviewed available research data on the protein require-
ments of laying hens. In a discu~sion of the requirementsL~e suggested 
that there was much confusion over the protein requirements reported to 
-'· ·- -· -- -- ·- -· .. j ' ' 
~~t:_ time. Unfort!unately » this co~fusion has not been eliminated with the 
protein req~irement st~di~~ which have been co~ucted s~nce 1941. 
In an investigation of the protein requirement of New-Hampshire 
P.ullets, Berg!! al. (1952) fed diets which contained protein levels of 
11, 13 an,-d ·15 percent. The data from this study indicated that a 13 per-•. i ' . . ,. . . .-
' cent protein diet was adequate to maintain egg production and_body weight. 
, .. , ·-· - --· --
Thornton et al. (1956) and Thornton et al. (1957) also concluded that the 
... •., .. - -~-~ ·- ·-'~ ·- _, --·- . 
protein level _required for egg production might be as low as 13 percent. 
These workers rep~rted no diff,arences in egg production, feed effici~ncy 
or maint~~ance of body weight among groups of White Leghorn hens fed 11, 
4 
13, 15 and 17=percent-protein diets. Egg weight was the only factor mea-
• • ,· • • . ' • ... ..,,. '· ·•·• I .•.• , 
sured which ·was significantly reduced by the 11 percent protein diet. Miller 
I 
et al. (1957) obtained good egg production from hens fed experimental die~s 
<- -:--- ' l . 
which contained 12 •. 5 to 13 percent of protein. They found that a level of 
I . 
protein in the diet as low as 12.5 perc~~t did not affect egg we;f.ght. Addi-
' tional support for the 13 percent level of protein for laying hens was re-
ported by Adams ~ al. (19.58) ~ Their data on various levels of protein fed 
i • ' ' 
to Leghorn layers in floor pens indicated that the optimal. level of protein 
appeared to be between 12 and 14 percent. Other studies conducted during 
this same period of time show the protein requirement to be higher than 13, 
I 
P'!!rcent. 
Two experiments were conducted by Ringrose !!!l· (1,54) in which 
J 
protein levels af 15 and 18 percent were fed to meat-type New Hampshire 
pullets. These research workers reported that the small differences in 
~~~ production among bens 1subjected to the two treatments tended to f~vor 
the_l~ percen~ level of protei~. In the following year Heywang !! !!.· (1955) 
reported the results of two experiments which were destgned to study the 
•' ·'-· ··•+ ' I 
effect of hot weather on the dietary_ level of protein requi.red by White 
Legho~n h~_ns.,. These experiments involved six d,ietary protein levels_ which 
r,.nged fr.om 11.5 to 19.3 percent. Considered collectively, the data from 
both experiments indicated that no incr~ase in egg production would occur 
if the protein level in the diet during hot weather was greater than 15 
percent. 
Lee !! aL (1944) noted that the egg production of Leghorns shpwed 
more tendency to decline» during periods of hot weather, in pens receiving 
a low protein (13 percent) diet~ These investigators stated that results 
which would be acceptable to the ccmmercial poultryman were obtained from 
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laying hens on a diet containing 13 percent of protein. Ho~ever~ they also 
pointed out that approximately 16 percent of protein in the total ration 
was necessary formaximum egg production. MacIntyre and Aitken (1957) 
reported data from two feeding trials in which dietary protein levels of 
20.0 to 21.3 percent were compared with levels of 15.4 to 16.5 percent. 
" These data show that 15.4 to 16.3 percent of protein gave the better results. 
Hochreich !!_ al. {1958) reported that a dietary level of 17 percent of pro-
tein was required to maintain maximum egg production and feed efficiency 
when the feed contained an energy level in excess of 950 Calories of pro-
ductive energy per pound. 
Studies reported by Reid~ al. {l951) add to the confusion over the 
percentage of protein required by laying hens. These research workers 
reported that White Leg~orn hens laid fewer eggs when fed 13- or 15=percent= 
protein diets than when they were fed 18=perce~t-protein diets. In another 
experiment at the same stat;ion McDaniel .!!:, al. (1957) supported these 
findings. In the latter experiment, a six percent imP,rovement in feed 
conversio'n was obtained with cage layers when the dietary protein level 
was raised from 17 to 18 percent. 
The varied conditions under which the protein requirement of laying 
hens had been determined led to some investigation into the factors which 
could affect p'rotein requirement. Milton and Ingram (1957) studied the 
effect of temperature, age, breed.~ system of management and rate of egg 
production upon the protein requirement. Under the simulated summer con= 
ditions an 18=percent=protein diet gave the best results. Diets which con= 
tained 16 and 18 percent protein produced the greatest number of eggs with 
,. , ' 
old hens~ but 14 percent of protein appeared to be adequate for pullets. 
Thornton and Whittet (1960) carided out an experiment in which type of 
6 
management, dietary energy level and genetic background were considered 
as factors which could influence the protein requirement for egg produc-
tion. Comparable egg production rates were obtained with protein levels 
of 13, 15 and 17 percent under all conditions of the experiment. 
Amino Acid Reqlll,irements of Laying Hens 
A discussion of the protein requirement of laying hens would not be 
complete without b1cluding related data on amino acid requirements. The 
protein in the diet .of laying hens must be in an available form and fur-
nish adequate quantit,ies of cert4in amino acids. Grau and Taylor (1948) 
and Ingram~ al. (1950) demonstrated that an amino acid deficiency causes 
a hen to cease egg production in four to six days. This would indicate 
that the ability of the hen to draw protein from her body stores for egg 
production is very l~mited; These1 · investigatio~s also rev~aled that zein 
is not suitable for the s~udy of amino acid requirements, even when it .is 
suppleme~ted with. the amino acids that are deficien,.t in zein. Apparently 
the amino acids p:rie~e~t; in zein are no~ in an available form. • 
. In-a-review article written by Atmquist (1952) only four amino acids 
were_listed as h,ing essential for laying hens·. The inconsistencies that 
' ' 
were reported in the pr9tein requirement data to 1952 contributed greatly 
to the confusion over specific amino acid requirement,. One of the facts 
P.ointed o~t by Almquist in his review was that the amino acid requirements 
' I 
are directly dependent upo1;1 the protein level of the' diet. In recent 
years, work on amino acid requirements has been don~ largely with purified 
·f ;• I 
or semi-pu1:'ified diets. 
Arginine and G~ycine: Me~ge !!_ tl• (1956) compared~ synthetic layer 
hen die; low in a,rginine and glycine to a complete practtcal .diet. They 
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also compa.I'ed the practical diet with the synthetic diet· supplemented with 
0.4 percent of glycine, 0.3 percent of arginine a11d a combination of the 
two. The practical control diet supported a 64 percent egg production rat.e 
for a 24-week period,- while the synthetic diet low in glycine and arginine 
supported only a 47 percent egg production rate. Rates of 48, 54 and 60 
percent egg production were obtained from the hens receiving 0.4 percent 
of glycine, 0.3 percent of arginine, and a combination of the two, respect-
ively. These findings provide evidence which indicates that arginine and 
glycine are neceHary for egg production. However, Johnson and Fisher 
(1956) reported that glycine was not required for egg production. 
Cystine ~ Methionine: A quantitative estimation of the methionine 
requirement of laying hens has been made by using peanut meal supplemented 
with lysine and tryptophan as the source of protein, Ingram et al. (1951b) • 
. --
It was shown that the requirement of the laying hen for methionine was not 
more than 0.38 percent of the rations, and that the combined methionine 
and cystine requirement was not more than O. 63 per.cent. Leong and McGinnis 
(1952) reported that the level of methionine required to support egg pro-
~uction, body weight gain and egg size appeared to approximately 0.28 per-
c~nt in the presence of 0.25 percent of cystine. These findings are in 
agreement with Ingram and co-workers who stated that a total of no more 
than 0.63 percent of dietary cystine and methionine was required by laying 
hens. Data which gave additional support to this work were presented by 
I 
Little (1957). He found the methionine requirem~nt for egg production to 
be no greater than 0.225 percent of the ration, whereas levels of 0.25 and 
0.32 percent of methionine were required to support egg size and body weight, 
i 
respectively. The cystine level used in these diets was 0.26 percen~. 
Similar results-. which also supported these findings were reported ,by Johnson 
and Fisher (1958). 
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Isoleucine and Thl:'eonine: Miller !!; al. (1954), u_sed blood m~al as 
the main source. of protein in the ration, and estimat_ed the, isoleucine 
requirement of the laying hen to be 0.53 percent. This estimate of the 
isoleucine requirement was later substantiated by Johnson and Fisher (1958). 
Semi-purified diets in which crude casein and crystalline amino acids 
provided all of the dietary protein were useoby Adkins !!; al. (1958) tio 
make a quantitative estimation .of the threonine requirement of the laying 
hen. In order to maintain_body weight and egg size, it appeared that the 
L-threonine!requirement was approximately 0.42 percent.of the diet. 
··, ' 
Lysine~ Tryptophan: A corn-corn gluten meal ration was employed 
by Ingram !l al. (1951a) to study the lysine and tryptop~an requirements 
of the laying hen. It was shown by these investigators·, that the require-
ment for L=tryptophan did riot exceed 0.15 percent of the ration, and that 
. . . ' . . . . . 
the requireme~t for L-lysine did not exceed 0.52 percent of the ration. 
Likewise 9 Little (1957), using the same type of basal diet, found the L-
tryptophan requirement to be approximately 0.142 percent of the ration and 
the L-lysine requirement to be approximately ~.488 perc~nt. 
Johnson and Fisher (1956) conducted a study to determine the relative 
importance of eleven _amino acids in layi~g hen nutrition. Through the use 
' ··- ' - ' 
of a diet of free ~mino acids, it was concluded that amino acids could be 
cla.ssified according to their order of essentiality, as follows: arginine 9 
glutamic acid, histidine, isoleucine, leuci~e, lysine, methionine, phertyla-
lenine,. threonine, tryptbphan and vali~e. These/ research workers als_o 
' I ' 
concluded that all eleven amino a.cids were essential for egg production. 
The minimal dietary levels of amino acids required to support egg 
production were reported by Johnson and Fisher (~958) ,and are shown in 
Table I. Laying hens were fed an amine acid-free diet to which minimal 
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quantities of amino acids were added in amounts sufficient to maintain egg 
production. The minimal levels of the essential amino acids were based 
on the composition of whole-egg protein and a lysine requirement of 0.5 
percent. 
TABLE I 
AMINO ACID REQUIREMENTS OF LAYING HENS :BASED ON THE COMPOSITION OF 
WHOLE-EGG PROTEIN AND A LYSINE REQUIREMENT OF 0.50 PERCENT 
Calculated 
Whole egg requirement 
Amino acid Gm./16 gm. N Ratio {Percentage of diet) 
Cystine 2.3 0.33 0.16 
Histidine 2.4 0.35 0.18 
Isoleucine 6.9 LOO 0.50 
Leucine 9.4 1.36 0,68 
Lysine 6.9 (1. O~) 0.50 
Methionine 3.3 0.48 0.24 
Phenylalanine 5.8 0.84 0.42 
Threonine 5.0 o. 72 0.36 
Tryptophan 1. 6 0.23 0.12 
Tyrosine 4.1 0.59 0.30 
Valine 7,4 1.07 0.54 
An experiment was designed by Johnson and Fisher (1959) to confirm 
their previous findings, A layer hen diet composed of practical feed in= 
gredients was used. A practical corn=soybean oil meal diet which contained 
15.7 percent of protein was compared to two low~protein diets (10.4 and 
!' 
11.3 percent). The 10.4-percent=protein diet contai.ned wheat as the main 
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source of protein, while the 11.3-percent-prot~in diet contained corn as 
the principal protein contributor. The wheat-diet (10.4-percent•protein) 
supported egg production at a rate equal to that obtained with the practical 
corn-soybean oil meal diet (15.7-percent-protein). The corn-diet (11.3-
percent-protein) was inferior in all respects to the wheat-diet which con-
tained 10.4 percent of protein. This was thought to be caused by an incor~ 
rect relationship of non-essential to essential amino acids or to differences 
in the protein digestibility of the two rations. It was concluded that the 
good results which were obtained with the 10.4-percent-protein diet con-
firmed under practical feeding conditions the previous estimation of the 
minimal essential amino acid requirement obtained by using a diet consist-
ing of .. free amino acids. 
Fisher~ al. (1960) reported another experiment which dealt with 
amino acid balance in low-protein diets for layin$ hens. In this experi-
ment it was found that gelatin (a good source of arginine) ~hen added to 
a 12.3-percent-protein layer diet significantly improved body weight, egg 
size and egg production. It was observed that free glutamic acid decreased 
body weight and egg production. It was pointed out that amino acid_ balance 
becomes more and more critical as the level of dietary protein is reduced. 
This research work brings out another discrepancy in the suggested dietary 
protein requirement of laying hens. Although 10.4- and 12.3-percent-pro-
tein diets have not actually been recommended by these workers, the fact 
remains that good results were obtained with these low dietary protein 
levels. 
It ,would appear from the. research work that has been reported by 
Johnson and Fisher that amino acid req~irements for laying hens have been 
pretty well established. However, there has already been some research 
11 
work which casts doubt on the amino acid requirements that were suggested 
by these workers. Adkins!.!:. al. (1959) were unable to formulate a synthe-
tic diet which would sustain egg production and body weight gain in laying 
hens. 
Fisher 
The amino acid levels and rati0s that wcare reported by Johnson and 
were used as a basis fql:' the formulating of these diets. More time 
and res~arch work will determine whether or not their percentage recommen-
dations for the amino acids in laying hen diets are adequate. 
The Energy Requirements of Laying Hens 
The importance of an adequate energy level in feeds for poultry was 
first established in experiments where young growing chickens were used as 
the experimental animal. In some early research work with dietary energy 
level, Hoagland and Snider (1941) obtained maximum growth with chicks fed 
diets which cont~ined 30 percent of added fat. Scott!.!:.!!_. (1947) reported 
data which showed that rations high in energy promoted more rapid growth 
and better feed conversion in broilers than rations lower in energy. It 
was apparent , from these a~d othe,r early studies that as the dietary energy 
level was increased, the feed required to produce a pound of growing chicken 
was reduced. 
The energy requirement of laying hens and its relation to productive 
efficienc_y has received concentrated attenticm only during recent years. 
Hill (1956) studied the relation of dietary energy level to efficiency of 
egg production and found that a linear relationship existed between energy 
level arid efficiiancy of egg production. Hill et $1. (1956) reported that -- .· 
a ration which contained 830 Cil;lories of prod-,ictive energy per pound, when 
compared to a ration containing 930 Calories per pound, increased feed con= 
sumption by approximately 12 percent. These research workers showed from 
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their data that feed intake was reduced when fat was used to increase the . . 
energy content of the diet. This reduction in feed intake amoun.t;ed to 2 
percent for each. 1 percent of added fat. Nine experiments were c:_onducted 
over a six-year period by Berg et al. (1956) in which diets varying from 
1100 to 1.367 ~alories of metabolizable energy (approximately 750 to 922 
Calories of productive energy) per pound of feed were compared. The re-
sults of these experiments indicated also that the efficiency of egg pro-
duction was related to energy content of the ration. A relationship was 
observed between efficiency of feed conversion and dietary energy, .in which 
efficiency decreased 6.17 percent for each decrease of 100 Calories of me-
tabolizable energy per pound of ration. Even though less feed was consumed 
by the hens fed the high-energy diets, their body weight. increase was great-
er than that of the hens fed the low-energy diets. Egg production was not 
' 
affected by the energy level of the diet. Berg and Bearse (1956) reported 
the results of an experiment in which two diets that contained approximately 
1148 and 1331 Calories of metabolizable energy (approximately 769 and 895 
Calories of productive energy) per pound were compared. The high-energy 
diet promoted the greate~t efficiency of feed utilization, and_ ene~gy level 
had no effect.on the rate of lay. Data from an experiment conducted by 
Anderson !!_ al. (1957) showed that a high-energy ration (884 Calories of 
productive energy per pound) did not result in any greater egg production 
than a low-energy ration (723 Calories per pound), but efficiency ~f feed 
utilization was significantly greater for the hens fed the high-energy 
rations. 
The evidence thus far presented shows t~at an increase in the dietary 
energy level of laying hens will reduce total feed consumption and thus 
improve feed efficiency. However, lolton (l,58) has presented evidence 
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which indicated that egg production and the efficiency of protein and energy 
utilization were improved when hens were fed low-energy diets. The hens 
that received a high-energy diet produced an average of 243.9 eggs per year, 
' 
while the he~s fed a low-energy diet produced 247.9 eggs. In this study, 
the efficiency of energy utilization was measured by comparing the gross 
energy of the eggs laid with the intake of metabolizable energy. The effi-
ciency of energy utilization, expressed as a percentage, was 20.6 and 22.0 
on the high= and low-energy rations 9 respes:tiv~ly. The crude protein in 
the eggs, as a percentage of the intake of digestible crude protein was 
28.6 and 30.2, respectively. 
A recent investigation by Petersen !E_ al. (1960) produ~ed data that 
are contrary to the reports in either of the two preceding paragraphs. 
The studies presented in the first of these two paragraphs indicate that 
dietary energy level has little influence on the rate of egg production,. 
while the research work of Bolten (1958) in the second paragraph,shows 
that hens fed low-energy diets.will produce more eggs than hens fed high~ 
j 
energy diets. The work reported by Petersen and ~a-workers s.howed that 
the egg production of hens fed a low-energy diet (650 Calories of productive 
. , ' -~ . . . . . .... 
diet (910 Calories). 
- ' ' 
Despite these differences regarding the effect of 
' 
dietary energy level 011 egg productian, all ef the reported experiments 
( ' 
show that total feed intake is reduced when dietary energy level is in-
creased. 
The effect of high levels of dietary energy and protein on the per-
formance of laying ,hens was studi~d by Ma.c!ntyre and. Aitken (1957) and 
Pri~e !£.. !!.• (1957). These workers concluded that neiJ:her high en.ergy nor 
high pr~tein had any influence on rate of egg production, egg weigh~, 
14 
specific gravity of the eggs, albumin height o.r in!!idence of blood and meat 
spots in the ~ggs. 
Energy-Protein Interrelationships 
In experiments with chic;tts, the energy level of the ration has been 
shown to influen.ce the protein level required in the ration, Donald.son !! 
' . ' 
al. (1956). A pra,tein-energy int~rrelationship ~: affecting the rate of 
I 
production has .been observed by Berg and Bearse (1957). Hens fed a low-
energy-14=percent=protein diet supported a rate of lay c0mparable to that 
of hens fed a high=energy diet which contained 18 percent of protein. 
Experimental results obtained by Frank and Waibel (1960). supported the 
I . 
earlier findings of Berg _and Bears~1 (195.7). White .Leghorn hens in cages 
w~re fed diets which contained 10.2, 12.4, 14.9, 19.9 and 29.9 percent of 
protein in a high-energy (984-1250 Calories of productive energy per pound) 
' . 
and a low-energy (634-947 Cal~ries of productive energy per pou,d) series 
of diets. Hens fed the low-energy diets with 12.4 percent of protein laid 
'· . 
at a normal rate, while 14. 9 percent of protein was req,uired by the hens 
··-- - ··-· . ·- . j ' 
fed. t~e ~1,8~::-energy ser~~s of diets. Thornton and Whittet (1960) reported 
!. · I 1 J • , ·' ··,- • 
that an 11-percent-protein diet supported a rate of egg production comparable 
.,· .. ,... ' ! . . 
to a 17-percent-protein diet when the dietary energy level was reduced from 
' ' I " •• 
900 to 700 Calories of productive energy per po~nd. 
McDaniel et al. (1957). found that the .addition of each 88 Calories of 
--,- -
\ 
productive energy to a cage layer diet whiqh contained 17 percent of pro-
tein brought ab0ut a 12.2 percent increase in feed efficiency. The same 
energy increment in an 18-percent=protein di~t broJght about only an 8.2 
- . I 
per~ent reduction in feed required per dozen eggs. 
Because protein is usually the first limiting nutrient when energy is 
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increased in poultry rations» the protein-energy relationsQip has been 
connnonly expressed as a Calorie-protein ratio. The Calorie-protein ratio 
means that for a particular purpose there should be approximately so many 
Calories of energy fof each percent of protein. An optimum Calorie-protein 
ratio for b~oiler rations has been established by Combs and Romoser (1955); 
Leong ~ aL (1955); Donaldson .~ al. (1955) and Donaldson ~ al. (1956) 
to be 42:1 in terms of productive energy. The Calorie-protein ratio for 
laying hens has not been this well established. Combs and Romoser (1955) 
suggested that the Calorie-protein ratio of layer-breeder rations should 
be approximately 55~1 in terms of productive energy. However, protein 
quality, fat content of the ration, level of egg production 9 body size, 
se~, environmental temperature and exercise were given as conditions which 
could alter the optiml.lltn Calorie-protein ratio. Data reported by Miller 
et al. (1957) showed that the'Calories of productive energy in the diets of --
laying pullets could range from 31 to 86 for each percent of protein, with-
out altering egg production, Alt1'ough the Calorie-protein ratio may ai~ in 
maintaining the balance between energy and protein, Wilgus (1957) has pointed 
out that it is nothing more than a tool to be used in ration formulation 
since it does not express quantities of either protetn or energy. 
Energy-Fiber Interr~lationships 
The dietary energy level of rations formulated from practical ingredi-
ents is governed to a large extent by the quantity of ~he fibrous ingt;edi= 
ents 1J1$led. Evidence reported by Rich;udson et al. (19.56) indicated that 
when fib~ous materials were added to broiler rations the growth rate of 
the birds wa$ significantly depressed~ However, the addition of 12 percent 
of fat to a diet which contained 8.3 percent of crude fiber counteracted 
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the growth depressing effect of the fiber. Essentially these same results 
were obtained by Marz,!! al. (1956). These workers found that chicks fed 
a 10-percent-fiber diet (450 Calories of productive energy) weighed signi-
ficantly less at 8 weeks of age than chicks fed a 5-percent-fiber diet 
(900 Calories of product iv:!! energy). 
Hill and Dansky (1954) studied energy levels ranging from 975 to 505 
Calories of productive e~ergy per pound of chick ration. This range in 
energy levels was obtained-by substituting pulvertzed oat hulls for grain 
components at levels up t() 40 percent of the diet. In several experiments, 
maximum grow~h rate was obtained by the ration which contained 505 Calories 
of productive energy per pound. These workers concluded that maximum growth 
rate at this low dietary energy level was made possible by a marked increase 
in feed consumption. These findings wer~ verified by Griminger et al. 
(1957) when they found that the replacement of carbohydrate by non-nutritive 
fiber in purified or near-purified diets increased the voluntary food in-
take of chicks which consumed.such a diet. Saito,!! !l• (1959) found that 
the addition of cellulose to a; diet which contained a, low level of crude 
fiber was beneficial to chick growth.. This was particular,~y true wh.ere 
the basal diet was deficient in nutrients required for normal growth. 
'··· .\..., . .. .. . -· .. -·· ; . --
The energy-fiber in_terrelationship has been expressed by Marz !E., !!.• 
(1957).as an energy:vo~ume ratio. In this studr a basal diet which con-
tained 900 Calories of productive energy per pound was diluted with sand 
to obtain energy levels of 800, 700, 600, 500, 400, 300 and 200 Calories. 
- ' 
These diets were measured for density _c:1.pd fed. to growing male chicks. , It 
was shown that neither energy nor density alone proved to be a s,tisfactory 
I \ 
criterion for measuring the adequacy of a grower diet. In this experiment 
0.79 Calorie per cubic centimeter of diet 1was adequate for maintenance of 
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rapid growth, while 0.57 Calorie was inadequate. 
Although experiments in this area have been less extensive with laying 
hens than with growing chickens, the facts appear to be similar. Heuser 
~!!.· (1945) reported that rations which contained feed ingredients of a 
fibrous nature, such as oats and wheat by-products, were not utilized as 
efficiently by White Leghorns for egg production and body weight gain as 
less fibrous feed which contained crushed wheat. Simultaneously Bird and 
Whitson (1946), using Rhode Island Reds, demonstrated the extreme effici-
ency differential between low-_and high-energy rations that were formulated 
so that 10 percent of oats, 15 percent of wheat standard middlings, 20 per-
cent of wheat bran and 6 percent of alfalfa meal replaced ground wheat. It 
was concluded that egg production was approximately equal on the high-
and low-energy diets, but that the hens fed the_ fibrous diet had to eat 
more feed in order to maintain their production. Similar results have been 
obtained_in a feeding experiment with White Holland turkey pullets, Dymsza 
et al. (1954). Pelleted diets that contained 5, 10, 15 and 20 percent of 
crude fiber in combination with calculated productive ~nergy levels of 882, 
'.. . . ' 
670, 460 and 249 Calori.es per pound~ respectively, were fed in this experi:-
ment. Efficiency of feed utilization, as measured by pounds of feed con-
sumed per d~zen of eggs, was progessively better as the diet,ary energy 
level was increased and total caloric intake increased. 
_Lillie ~ !!.· (1951) reported that the egg production of layers was 
reduced when the fiber level of the diet was raised. The critical nature 
of diet density was shown by feeding diets in a pelleted form as well as 
a non-pelleted form. When oat hulls were added to non-pelleted diets fed 
to Rhode Island Red pullets at levels of 32, 48 and 64 p.ercent, the result-
ing egg product:i,.on was 62, 36 and 25 percent, respectively. T}?.e egg pro-
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duction rates of the pullets fed the pelleted feed were 68, 61 and 55 per-
cent, respectively. This work was supported by Cowlishaw and ~yles (1958) 
when they reported· that diets which cCi>ntained high levels 0f fi.ber would 
support a high level of egg.production only when the nutrient density of 
the diet was sufficient as not to restrict energy intake below optimum. 
The ability of the hen to compensate for inadequate dietary nutrient levels 
was demonstrated in this experiment. It was observed that feed intake by 
weight was greater on a high-fiber'. diet (20 percent) than on a low-fiber 
diet (10 percent). 
Vitamin Requirements 0f Laying Hens 
Experiments designed to study the quantitative vitamin requirements 
of laying hens have been limited to the relatively small number of vitamins 
shown to .be the most critical for grewing chickens. As would be expected 
with laying hens, since prot~in and energy requirements have not been thor-
oughly established, the results of the vitamin requirement studies have 
been variable. Thayer ~ ~l ~ . (1'956) .. fed New Hampshire layers grade.d levels 
of niacin, ribofla,vin, pantothenic acid and folic, acid.in high- and low00 
/' -4,. -· -· - L 
energy ba~al rations. They found that niacin, riboflavin, pantothenic acid 
and fo.lic- acid levels abovet-1:he National Research Council (1954) recommen .. 
ded requirements were needed 1 in the high-energy rations for maximum egg 
production and economy of feed conversion. In support of higher vita~!n 
supplementation, Adams !E_ !!.• (1958) reported that a corn~soybean oil meal 
ration which contained 10 p·ercent of protein gave as satisfactory egg pro-
duct'lon as did a higher protein diet, when all known vitamins were added. 
In contrast to these find~ngs, Berg and Bearse (1956) found that the 
increasing of the level of B-vitamins in high-energy layer rations tended 
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to suppress egg production. The egg production was calculated on a hen-day 
basis. 'rhis suppression was not obvious when eg$ produc.tion was calculated 
and expressed on a per-bird-housed basis. It was suggested that the added 
vitamins .only prolonged the life of non•l,aying hens. Anderson ,!E. al. 
(1957) also reported that vitamin supplementation of high- or low-energy 
rations had no effect on the rate of egg pr.oduction. Thc!:re was, however, 
a tendency for the body weight of the experimental layers t~ increase 
following vitamin supplementation. 
Vitamin Bu: Reid !!_ !l• · (1951) found that egg production was increased 
when additions of aureomycin and vitamin :B12 were~. made to layer diets. Berg 
~ !l• (1952) fed rations which were formulated from vegetable sources and 
were calcula.ted to contain 11, 13 and 15 percent of protein. The 11- and 
13=percent-protein rations, when supplemented with three micrograms .of 
vitamin B12 per 100 grams of feed, gave results comparable to that of the 
15-percent·-protein ration which contained no added vitamin B12· These 
workers· cancluded that vitamin Bu enhanced the utilization of low-protein 
rations by laying hens. 
Pantothenic ~: Gillis !!_ !l• (1942) obtained. normal egg production 
from laying hens that were fed diets which cantained 750 micrograms of pan-
tothenic acid per 100 $rams of laying ration. Maximum hatchability was 
/ 
obtained with diets which contained·at least 1750 micrograms of pantothenic 
acid per 100 grams. In a later experiment Gillis!!_ !l· (1947) reporte,d 
that hens required not more than 150 micrograms of pantothenic acid per 100 
grams of diet for weight maintenance and egg production, and that approxi-
mately 800 micr0grams per 100 grams of diet appeared adequate for good 
hat~;hability. 
Folic Acid: The folic acid r~quirement of White Leghorn hens for egg 
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production has been reported by Taylor (1947) to be no more than 12 micro-
grams per 100 grams of diet. Sunde et al. (1950) concluded that the folic 
' -- ' . 
acid requirement of layers was higher than 0.25 milligrams per kilogram of 
ration. When these two requirements are put in the same terms, the latter 
is over twice as large as the former. 
Riboflavin: Hill!!!.!.• (1954) found the lev,1 of riboflavin necess-
ary to maintain egg production and body weight in White Leghorns to be about 
one milligram per pound of diet. The minimum level of riboflavin that would 
sustain normal hatchability was 1.7 milligrams per pound of diet. On the 
other hand, Gleaves ~ al. (1961) reported that one milligram of riboflavin 
per pound of diet was inadequate to maintain egg production and body weight 
; 
in laying hens. These workers suggested that the minimum dietary ribofla-, ' 
vi.n level in layer hen diets shauld be at least 1. 5 milligrams per pound. 
I 
Niacin: Briggs et al. (1946) fed layers a basal ration considered to 
' --
be deficient in niacin. This ration ~aused the hen to lose body weight 
and brought about a decline in egg product!~~ and hatchability. When this 
basal ration was supplemented with 2~7 milligrams of niacin per pound~ body 
weight,_. ~g~ production and hatchability returned to narmal. Gleaves ~ al. 
(1961) found no difference in egg productiom, feed consumption or body 
weight of hens fed diets which contained 10, 15, 20 or 25 milligrams of 
niacin per pound. Ho•ever, the eggs produce~ by the hens fed the two lower 
levels of niacin weighed slightly less than the eggs from the hens fed the 
two higher levels~ 
Choline: The laying hen has not been found to require supplemental 
choline·, Lucas ~ al. (1946). However, Reid et al. (1957) presented data 
' . --
which indicate that the addition of chaline to a fat-cantaining layer diet 
aids in preventing a condition called fatty liver disease~ They suggested 
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that 400 grams of choline chloride per pound b~ incorporated into cage layer 
. ' . . . 
! 
diets which contain added fat. Iti:was conelu.ded by Balloun (1956) that the 
choline requirement of the breeder ·hen is not over 500 milligrams per pound 
of diet. 
Vitamin A: Sherwood and Fraps, (1932) reported th!!t. rations which are 
normally fed to laying hens apparently do no,t supply enough vita.min A for 
body maintenance and high egg production, unless the hens have access·to 
green grass or similar green feed. It was estimated by these workers that 
a pullet with an aver·age egg production of 20 eggs per month would require 
1363 units of vitamin A per day for maintenance and egg production. On the 
basis of egg production, hatchability performance and mortality, Taylor 
!!_ al. (1947) placed the pro-vitamin A requirement. for laying hens at 2000 
' 
I. U .. per pound of feed. 
Vitamin D: The vitamin D requirement of pullets for egg production 
was determined by Couch~!!_. (1947) to be from, 38 to 76 A.O.A.C. chick 
units per 100. grams of diet. At, least 38 A.O.A.C. chick units of vitamin 
D were required to maintain fertility and hatchability. Older hens, how-
• i 
~":~!, -~er~ reported to require a minimum of 76 A.O. A. c. chick uµits of 
vitamin D per 100 grams of diet for egg production. 
Interrelationships of Vitamins with VJtamins 
and with Other Nutrients 
A vitamin-vitamin interrelationship between vitamin B12 and pantothen-
ic acid was reported by Balloun and Phillips (1957). In experiments con-
ducted with hen,s confined to community.;,type cages, both the vitamin B12 
and pantothenic acid levels in the diet were fo~nd to influence pantothenic 
acid storage,in the eggs produced. A vitamin J12 deJiciency in the layer 
diet intensified a Jjantothen~c acid deficiency o'n. low-p,ap.thenic acid diets. 
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The pantothenic acid defic~ency wa~~-measurecl •by hatcbab~lity, growth and 
. " 
viability. of pr~geny, and J>antothe'n~c · acid storage in· the eggs produced. 
The presence of an interaction between riboflavin and niacin in laying 
... ·-· - ' ·- ' . . . --
~en_ diets was_ reporte4)>Y Gleaves !.E. al. (1961). This interac;tion was st·a-
tistically significant for-egg production, egg weight,, feed consumption 
~:~ 
and body weight. Egg production, egg-weight and fee~{consumption were all, 
' - ~.. , , ·li~I • , 
greater at the lowest level of riboflavin (1.0 millip per pound) when 
\ l "'..J,i/:· 
this level was fed in combination with the,h~ghest lev'.el of niacin (25 
milligrams per pound). 
The existence of a vitamin-protein. inte:rrelationship in laying hen 
nutrition was reported by B•rg et al._· (1952). Art ail-vegetable layer diet 
.. 
which contain 11 percent of protein was compared to a layer diet which con-
tained 15 percent of protein. liens performed better on the_l5-percent-
protein diet until three micrograms of vitamin B12 per 100 gr•s ,of feed 
were added to these diets. After vitamin »12 was added, the ll~percent-
·. ·1. ' . 
protein d~et gave results comparable to the 15-perceilt•protei~ layer diet. 
In res~arch work with growing chicks, Olsen !.E_ ·!!.· (1959) 1 found an 
inverse relationship between protein level and vitamin A storage in the 
. I , ' 
;~!'er. This relationship indicates a higher vitamin A requirement at a 
higher level of protein. These w~rkers also reported that',in increase in 
the energy level of the diet resulted in better chick growth and a greater 
storage of vitamin A in the liver. Howev:er, they suggested that the in-
' 
creased;storage might be ~ue to the higher fat content of-the diets rather 




Regulation of Food Intake 
In general, the literature which has been cited in this review indi-
cates that nutrient requirements are dependent upon total food intake and 
the factors which control food intake. Therefore, the next few pages will 
be devoted to a discussion of the regulators of food intake in poultry and 
other animals. There are three major theories pertaining to the regulation 
of food intake in animals, all of them consistent with the known functions 
of the hypothalamus. 
Glucostatic theory: This mechanism, suggested by Mayer (1953) and 
Mayer (1955), relates appetite and satiety to the level and availability 
of blood sugar. Consideration is given. to the fact that the difference in 
the amocmt of sugar (delta glucose) in arterial and venous blood is an in-
dication of the rate at which it is being used by body tissues. When delta 
glucose is high, hunger is absent;: when delta glucose diminishes, hunger 
returns. This has belJ!n shown to occur in humans on ordinary diets. The 
idea was supported also by studies with rats in which injected glucose re-
duced food intake by an amount greater than the energy of the gl~cose, where-
as other substances such as fat and sucrose did not. 
Th~rmostatic t.heory: Thj.s theory was suggested by Brobeck (1948) and 
S~rominger and .Brobeck (1953) and postulates that food intake is regulated 
as one means of temperature control. It was supported by experiments in 
which rats were fed diets differing in fat and protein content. In these 
experiments, with all diets, the amounts of food eaten appeared to produce 
a relatively constant spec'ific dynamic action (extra heat production asso-
ciated with eating)~· In support of this theory is the lowering of food in-
take which occurs when environmental temperature rise~. It is known.that 
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the hypothalamus is concerned with food intake, and it is postulated that 
the hypothalamus integrates the effects of temperature and circulating 
metabolites to control food intake. 
Lipostatic theory: In this theory, which is concerned primarily with 
long-term regulation of food intake, Kennedy (1952) suggested that the 
state of fat stores of animals governs their rate of food consumption. 
This theory helps to explain why there appears to be a body weight which 
is characteristic of the animal, the environment and the feeding program. 
Hill (1957) pointed out that each of these proposed mechanisms has 
shortcomings. It is not possible to explain satisfactorily by means of the 
glucostatic theory the appetite-satisfying value of a high-protein diet. 
Research work conducted by Fryer~ al. (1955) showed that the satiety 
values of different diets for humans do not agree with their effects on 
blood glucose. In studies in which reducing diets were fed to young men, 
{ 
the highest satiety value was obtained with a diet high in protein, high 
in fat, and low in carbohydrate; the poorest satiety was observed with a 
diet high in carbohydrate and low in protein. The effects of these diets 
on blood glucose were exactly the opposite of that predicted by the gluco-
static theory. The thermostatic theory helps to explain the effect of pro-
tein, since this nutrient has a high specific dynamic action. However, 
this theory does not account for the effects of thyroxin, which increase 
both body temperature and food consumption. Integrating these various views 
is difficult, but it appears that each of them has value and tha.t none of 
them'is capable of explaining all aspects of appetite. 
Dietary bulk has been shown to be a .factor which affects feed consump-
tion. A series of experiments with normal as well as with cropectomized 
chicks was carried out by Fisher and Weiss (1956) to. study the effect of 
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fiber per!! on feed consumption, This work in~ieated that ~iber pe~ . .!!. 
was an important factor which influences feed consumption. .. independently of 
the energy level of the diet. Fiber per!!,, l'P to a given d~etary level, 
stimulated feed consumption; but beyond that level feE!d consumption remained 
relat.ively canstant. It was found that efficiency of feed utilization was 
not sacrificied when fiber was added (simultaneously with fat) to high-
~ "' . 
energy diets, but it was actually improved. Couch and Isaacks (1957) were 
successful in restricting the protein and energy intake in growing pullets 
by.substituting 18.2 percent of oat hulls for an equivalent amount of milo. 
The pullets fed this diet weighed approximately the same at 16 weeks of age 
as did pullets fed a high-energy type ration on a- 70 percent restricted 
.basis. While the fibrous bulk was restricting the total nutrient intake of 
these pullets, the inherent reduction of dietary energy level which accom-
panied the substitution of oat hulls for milo was increasing feed consump-
tion. Meyer (1958) concluded that the addition of cellulose to the diet 
of ad libitum- and pair-fed growing rats increased protein needs of the rats 
as measured by gains in the fat-free body. This was attributed to a loss 
of metabolic fecal nitrogen induced by the dietary cellulose addition. It ... -
was demonstrated that,30 percent of cellulose added to the diet resulted 
in a need for about ~.85 percent of additional crude casein. Evidence was 
presented by Sibbald_!! al. (1957b) which suggested that fiber in the diet 
of growing rats tended to depress digestible energy consumption. A decrease 
in digestible energy might be the. reason Meyer (1958) conchided that high 
fiber levels reduced protein eff iciren~y. 
From the same experiment .mentioned above, Sibbald concluded that var-
iations in the food consumption of w~anling rats which were fed rations 
that contained varying nitrogen sources were largely associated with the 
,.,, 
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digestible energy content of the rations. A significant differe~ce in the 
digestible energy consumption of rats betwe~n nitrogen sources was attribu-
ted to the quality of the nitrogen sources. The higher the quality of the 
nitrogen source the greater the digestible energy consumption. Sibbald 
!!_ al. (1957a) also concluded that variations in the food consumption of 
weanling rats, which were fed rations containing a mixture of indispensable 
amino acids and di~onium citrate, were largely associated with the di-, 
gestible energy content of.the diets. The facts presented1in the two pre-
vious paragraphs were pretty well summed up by Hill (1956) when he stated 
that the basic factor underiying performance differences between energy 
levels is the fact that animals tend to regulate their feed consumption to 
meet energy needs, up to the limit of their capacity or willingness to 
consume feed. 
In a study of the effect of food preferences on nutrient intake, Young 
' . ' 
and Lafortune (1957) concluded that, contrary to common belief, food dis-
likes in college women seemed to have little influence on the adequacy of 
the diet. The greatest effect on adequacy of ntltrient intake seemed to lie 
in the lack of ingestion in sufficient quantities of the choice food items. 
Factors mediating food and liquid intake in chickens were studies by 
Jacobs!!_ al. (1957). It was concluded that .under the conditions of their 
experimen,ts the chicken could discriminate among sucrose solutions, saccha-
rine solutions and water. The chickens.preferred sucrose solution and 
avoided saccharine. This preference for sucrose was not shown to be rela-
ted to its caloric value. The presence of sucrose in the drinking water 
did not produce any measur~ble effect on rate of weight increase or amount 
of food intake. Kare et al. (1957) presented data that showed the chick -- ' 
to have a sense of taste. The response to a variety of sweet and bitter 
flavors suggested that the broad classifications of taste recognized by 
man were not applicable to the fowl, but that the sense of taste in the 
fowl was more than rudimentary. 
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An interesting experiment by Lepkovsky ~ al. (1960) on food intake, 
water intake and body water regulation of chickens showed that feeding 
chickens with or without water did not greatly influence their food intake. 
This was probably due in part to the fact .. that the crop of the chickens 
was able to adjust its water content to water supply. There was more water 
in the crop content of chickens fed with water than in ~he crQp content of 
chickens fed without water. 
EXPERIMENTAL PROCEDURE 
General 
The study which is reported in this thesis involved three feedj.ng tri-
als which were conducted in a windowless cage layer house located on the 
Oklahoma State University Poultry Farm. Environmental conditions were par-
tially controlled within the cage house throughout each of the three trials. 
Temperature and ventilation were regulated with the use of a furnace, 
water cooler, air ducts and fans engineered specifically for this house. 
Temperature varied from a low of 60 degrees Fahrenheit during the winter 
months to a high of approximately 90 degrees Fahrenheit during the sunnner 
months. Since the house had no windows, artificial light was supplied by 
incandescent lamps which were controlled with automatic time clocks. The 
hens in all three trials in this'experimJnt were given 14 hours of contin-
uous light .':'-nd 10 consecutive hours of darkness per day. 
The nutrient composition of the experimental diets was calculated 
from chemical analyses, published nutrient levels for the various feed-
stuffs or from the nutrient level guarantees by the feedstuff manufacturer. 
Because of limited ingredient storage space, feed ingredients were purchased ,, 
several times during the course of the experiment.. In order to avoid flue-
tuations in dietary protein level, due to possible variation in protein con-
tent of different batches of ingredients, periodic chemic~l analyses were 
run on each ingredient to determine protein level. Fortunately there were 
not many fluctuations in ingredient protein levels. The few fluctuations 
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that were present were adjusted in the experimental diets by increasing or 
decreasing the amount of the ingredient which had changed in protein level. 
Based upon these protein values, subsequent adjustments were made in the 
dietary amino acid levels. All amino acid calculations were based upon 
average values reported by Block and Weiss (1956). The metabolizable energy, 
calcium, phosphorus and crude fiber levels were. based upon values presented 
by Titus (1955). 
In Trials II and III, dry volume of each ingredient was determined and 
taken into consideration in the formulation of the experimental diets. Dry 
volume of each feed ingredient was expressed in milliliters per gram of 
ingredient. Volume was determined by pouring 454 grams of a feed ingredi-
ent lightly into a 1,000 milliliter volumetric flask from which a reading 
of the volume was taken. Measurements were taken on four replicate samples 
and the average vol1Jllle of the four was used in the formulation of the ex-
perimental diets. The volumes of all experimental diets were measured, 
after they had been mixed, to verify the exact volume of each diet. It is 
of interest to note that the combined volume measure~ents of the ingredients 
in a diet gave an excellent estimate of the actual volume of the mixed diet. 
Commercial hybrid laying hens were housed in the windowless cage house 
~ : ~(. 
in individual wire cages. Each cage was equipped with an automatic waterer, 
a feeder and a feed storage container. Egg production, egg weight and mor-
tality were recorded daily. In Trials I and II, every egg was weighed in-
dividually. However, in Trial III, eggs were individually weighed for the 
first month of the test period only. After the first month until the close 
of the trial, eggs were individually weighed only during four consecutive 
days of each week. The average egg weight obtained in this manner was used 
as an estimate of the average weight of all eggs produced during that week. 
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Individual body weight and feed consumption data were collected and recorded 
every 14 days in Trials I and II and every 28 days in Trial III. The hens 
were supplied feed and water!!! libitum in all feeding trials. 
The IBM 650 electronic computer was utilized to make all sunnnary and 
statistical computations. Egg production, egg:weight, body weight, feed 
consumption and mortality data were punched on IBM cards at the end of 
each experimental period. A program was written for the computer to sum-
marize and compute the following vari~bles for each replicate and for each 
treatment~ 
(1) hens per treatment, 
(2) average number of ·eggs produced, 
(3) percentage egg production, 
(4) average egg weight, 
(5) tot~l body weight gain or loss, 
(6) daily feed consumption, 
(7) daily protein consumption, 
(8) daily energy consumption, 
(9) daily vitamin-mineral con~entrate consumption, 
(10) units of protein per .unit of egg, 
(11) Calories per unit of egg,' 
(12) units of vitamin-mineral concentrate per unit of egg, and 
(13) average daily volume of feed consumed. 
A complete randomized experimental design was used for Trials I and II. 
At the beginning of the series of feeding trials, each cage was assigned a 
number which remained the same during each of the three trials. Using a 
set of random numbers, ea.ch replicatipn of the experimental diets wa.s as-
signed a cage number; The hens were individually selected for health and 
vigor, and randomly dis·tributed into the cages~ After the randomization 
' procedure was completed each hen was wing-badged wi.th a number which corres-
ponded to the cage number. An analysis of variance as outlined by Snedecor 
(1956), was applied to all data which were collected from Trials I and II 
and computed on the IBM 650. 
An experiment (unpublished .data) that was designed to measure the uni~ 
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formity of performance of laying hens in the windowless cage house was con-
ducted simu~caneously with Trials I and 11: This experiment revealed a 
slight position gradient in the performance of hens from the North to the 
South side of the house~ Because of thts_ gradient, Trial III was set up 
in a randomized block design. The hens and experimental diets we.re randomly 
assigned to each block in a manner similar to that previously described. 
Hens were selected for each block on t_he basis of egg production during the 
first four weeks immediately following the beginning of lay. Groups of hens 
with similar production backgrounds were placed in each block, The Doolit-
tle analysis of variance as described by Dwyer (1951) was applied to the 
data from Trial Ill for each period and for the overall sunnnary of 13 four-
week periods. 
Data on efficiency of nutrient utilization that are presented in this 
thesis are expressed as units of nutrient per unit of egg. However, it 
was found with individual hen data that efficiency of nutrient utilization 
expressed in this manner was often of infinite magnitude and could not be 
defined. Non-producing hens that continued tq eat ha.d an efficiency of 
nutrient utilization of infinity. In order to apply statistics to efficiency 
data of this kind, it had to be expressed as unit of egg per unit of nu-
trient. The effic~ency of nutrient utilization for non-producing hens ex-
pressed as unit of egg per unit of nutrient is zero. Because of the high 
incidence of non-producing hens, all data on efficiency of nutrient utili-
zation were converted to the latter method of expression for statis_tical 
analysis. This conversion was accomplished by writing a pr~~ram for the 
IBM 650 which made the necessary. ~alculations. 
The IBM 650 program that was available f,r the statistical analyses 
~ 
would not process and handle negative numbers. Therefore, it was_necessary 
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to add a constant to the body-weight-change data of each hen. A constant 
of 5,000 was chosen since no one hen could lose 5,000 grams of body weight 
and remain alive. This adjust~ent allowed the ~ody-weight-change data to 
be always positive in the statistical analysis. The constant was fin~lly 





The purpose of this feeding trial was twofold: (1) to determine the 
effect of high-energy, high-protei~ diets upon egg produ~tion and body-
weight-change of high producing layers; and (2) to measure the effect of 
high-energy and high-protein diets upon daily feed consumption. Although 
dietary energy has been shown to inflµence feed consumption ~ore than die-
tary protein, this experiment was not designed to study their individual 
effects. 
Procedure 
This feeding trial consisted of 8 different experimental diets, with 
six re~l,icates per diet. A replicate confisted of one DeKalb-131 pullet. 
The pullets were 24 weeks old when the trial was initiated on November 12, 
1958. Data were collected for 5 two'(-week periods and the trial was termi-
nated on January 21, 1959. 
The composition of the eight experimental diets that were used in this 
study is shown in Table II. Protein levels of the diets were 24.6, 23.2, 
22.0, 20.8, 19.5, 18.2, 16.9,and 15.6 percent, respectively, while the 
corresponding energy levels were 2043, .. 1937, 1834, 1730, 1621, 1510, 1404 
and 1300 Calories of metabolizable energy per pound. A Oalorie:protein 




COMPOSITION OF THE EIGHT EXPERDIEN1'AL DIETS, TRIAL I 
Diet number l 2 ::. ~ 4 ~ 6 z 8 
Ino'!'edi.ents Percent of total diet 
Polyethylene spheresl 5.2 11.6 
Starch 1.0 8.o 15.7 23.6 32.3 39.8 38.5 35.0 
Corn oil 30.0 25.4 20.5 15.5 10.0 5.0 4.o 4.o 
Dehydrated alfalfa meal 
(17% protein) 2.0 2,0 2,0 2.0 2.0 2.0 2.0 2.0 
Oat mill feed 14,05 13.75 13.io 12.35 11.50 10.85 10.00) 9.35 
Dried whole egg solids 19.0 18,0 17.0 16.0 15.0 14.0 13,0 12.0 
Drackett2 4,8 4,5 4,3 4,0 J,8 3.5 3,3 JPO 
Casein3 7.1 6,8 6.4 6.o 5,6 5.3 4.9 4.5 
Gelatin 1.0 0.9 0.85 0.8 0.75 0.7 0.65 o.6 
Live yeast culture 2.0 1.8 1.7 1.6 1.5 1.4 l.J 1,2 
Dried condensed fermented 
corn extracti ves1• 2.0 1.8 1,7 1.6 1.5 1.4 1.3 1,2 
Delactosed dried whey 2,0 1.8 1.7 1.6 1.5 1.4 1.3 1.2 
Dried condensed fish 
solubles J,O 2,7 2.5 2.4 2,3 2.1 2.0 1.8 
Dicalciu.~ phosphate 
(18% phosphorus) 5.0 5,5 .5,5 5.5 5,5 6.o 6.o 6.o 
Calcium carbonate 2.5 2.5 2.5 2.5 2.2 2,0 2.0 2.0 
Trace mineral mix5 0,05 0.05 0,05 0,05 0.05 0.05 0,05 0,05 
Salt (Na cl) 0,5 0,5 0,5 0.5 0.5 0.5 0,5 0.5 
Vitamin concentrate6 1,0 1.0 l.O 1.0 1.0 1.0 1.0 1.0 
Coliver7 2.0 2.0 2,0 2.0. 2.0 2.0 2.0 2.0 
Gelusil8 ltO 1.0 1.0 1.0 1.0 110 1.0 --1:..Q_ 
Calculated ana:1.Ises 
Crude protein (percent) 24.6 23.3 22.0 20,8 19.5 18,2 16.9 15,6 
Calories (J.l.E.)9 per 
1621 1404 1)00 pound 2043 1937 18)!.j. 1730 1510 
Calorie-protein r&.':,io 83 SJ SJ 83 83 83 83 83 
Calcium (percent) 2.46 2.59 2,58 2S? 2.45 2.51 2.50 2.49 
Total phosphorus (percent.) 1.18 1.26 1.24 1.23 1.21 1.29 1,28 1.26 
Crude fiber (percent) 5.16 4.92 4.68 4.43 4.19 J.94 8.90 15.0.5 
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Footnotes to Table II 
1. Polyethylene spqeres--colorless polyethylene pellets, 1/8 inch 
;1 • 
s.pheres. Eastman Chemical Product~, Incorporated, Kingsport, 
Tennessee. 
2. Drackett-assay C-1 protein. Archer-Daniels-Midland, Kansas City, 
Missouri. 
3. Casein--Hy~Case~ a salt-free product. Sheffield Chemical Company, 
Incorporated, Norwich, New York. 
4. Dried condensed fermented corn extractives--C.F.S. No. 3, Clinton 
Corn Processing Company, Clinto~, Iowa. 
5. Trace mineral mix--adds per pound of finished ration: manganese 
27. 5 mg., iodine 0.88 mg., cobalt 0. 59 mg., iron 8.3 mg,, copper 
1. 65 mg. , and zinc 1. 52 mg. Calcium Carbonate Company, Carthage, 
Missouri. 
6. Vitamin concentrate--refer to Table III. 
7. Coliver--a cold-process cod liver extract, Silmo Chemical Company, 
Vineland, New Jersey 
8. Gelusil--anti-acid adsorbent which adds 0.57 gm. of magnesium-
trisilic£!1.te and 0.28 gm. of aluminum-hydroxide per pound of 
finished diet. 
9. (M.E.)--metabolizable energy, Titus (1955). 
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TABLE III 
COMPOSITIQN OF THE VITAMIN CONCENTRATE, TRIAL I 
Adds per pound of 
Vitamins Units finished diet 
Vitamin A u.s.P. 10,000.0 
Vitamin D3 r.c.u. 1,000.0 
Vitamin E I. U. 50.0 
Vitamin K3 Mg. 0.3' 
Vitamin B12 Meg. 3.0 
Riboflavin Mg. 2.0 
Niacin Mg. 20.0 
Pantothenic acid Mg. 4.0 
Pyridoxine Mg. 2.0 
d-Biotin Mg. 1.0 
Choline Mg. 600.0 
Thi am in Mg. 4.0 
Folic acid Mg. 0.8 
Ascorbic acid Mg. 22.5 
Inositol Mg. 227.0 
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It was impractical to go above 25 percent of protein since this level of 
protein required io75 Calories'of energy per pound of diet to obtain the 
desired Calorie:protein ratio. Amino acid ratios for Piet 1 and all other 
diets in this Trial (Table IV) were based upon research work reported by 
Johnson and Fisher (1956). Diet number 1 was formulated with a protein 
level of 24.6 percent and an energy level of 2043 Calories per pound. Diets 
2 through 8 were formulated using 95, 90, 85, 80, 75, 70 and 65 percent, 
respectively, of all protein-contribµting ingredients of Diet 1. In order 
to reduce e~ergy level with each decrease in protein level, without alter-
ing amino ~cid ratios, the percentage Of corn oil in the diets was decreased 
and the percentage of starch was increased~ Polyethylene spheres were add-
e.d to Diets 7 and 8 as an inert filler to maintain the proper weight. 
Results 
A sunnnary of the data on egg production, egg weight, body-weight-change, 
.feed consumption and efficiency of·feed utilization obtained per hen during 
the 10-week laying period are given in Table V. The analyses of variance 
of these data are presented in Tables VI, VII, VIII, IX,•X and XI. The 
differences in egg production per hen among all diets were significant only 
at the 0.10 level of probability (Table VI). This significance was probably 
due to the fact that hens fed Diet 1 laid fewer eggs than did the hens fed 
any other diet in Trial I. Differences in egg weight were even less signi-
ficant statistically (Table VII)than those in egg p~oduction. 
As could be expected, the higher dietary energy and protein levels pro-
duced greater body weight gains than the lower dietary energy and protein 
levels, These differences were significant at the 0.01 level of probability 
(Table VIII). Hens that we.re fed Diet 8 lost an average of 15 grams while 
TABLE IV 
CALCULATED AMINO ACID COMPOSITIONl 
OF ALL EXPERIMENTAL DIETS, TRIAL, I 
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Gm. p-er 16 gm. .• Gm. per 16 gm. 
Amino acid of nitrogen ,Amino acid of nitrogen 
.i\rginine 7.64 Threonine 4.93 
Histidine 2.59 Leucine 10.21 
Lysine 7.19 Isoleucine 7.16 
Tyrosine 4.04 Valine 6.66 
Tryptophan 1.46 Glutamic acid 11.18 
Phenylalanine 6.06 Aspartic acid 5.91 
Cystine 1.3!5 Glycine 5.14 
Methionine 2.37 Alanine 2.59 
Serine 6.86 Pro line 6.66 
1calculated amino acid.composition - all Jamino acid calculations 
were based upon average values as given in Block and Weiss (1956). 
TABLE V 
AVE.;uGE EGG P.dODUCTION, EGG WEIGHT, BODY WEIGHT 
CHA!~GE, FEED CONSUMPTION, AND .IDFFICIENCY OF 
FEED UTILIZATION PER HEN, TRIAL I 
Diet number l 2 J 4 ~ 
Number of days on 
. 70 experiment 70 70 70 70 
Number of surviving hens 
per diet (replicates) . 5 6 6 6 6 
Average number of eggs 
produced 39.0 47.5 52.5 41.5 49.2 
Percent egg production 55.7 67.9 75.0 · 59.3 70.2 
Egg weight (gm.) 55.3 57.1 55.1 . 54.8 58.0 
Total body weight 
gain or loss (gm.) 399 430 386 302 644 
Daily feed consumption 
66.4 (gm.) 75.4 75.4 74.5 . 92.l 
Daily protein consumption 
(gm.) 16.3 17~6 16.6 15.5 l8.0 
Daily calorie (M.E.)1 . 
consumption 299 322 305 284 329 
Gm. protein per gm. egg 0.53 o.45 o.40 o.48 0~44 
Calories (M.E •. )1 per 
gm. egg 9.7 8.; 7.4 8.7 8.l 
l(M.E.)-Metabalizable Energy, Titus (1955). 
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.6 2 8 
10 70 70 
6 5 6 
48.5 46.8 45.5 
69.3 66.9 65.0 
. 55.9 54.4 52.8 
321 190 .-15 
96.3 83.5 77.2 
17.5 14.l 12.1 
321 258 221 
o.45 0.39 0.35 
8.3 7.1 6.4 
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TABLE VI · 
ANALYSIS OF VARIANCE OF THE EGG PRODUCTION DATA, TRIAL I 
Source of Sums of Mean F Probability 
variation d .. f. squares squares value Level 
Total sum of 
squares 45 2,81'3.41 ------
Diet 7 726.28 103.75 1.88 p~ 0.10 
Error (among 
individuals 
within diets) 38 2,087.13 54~92 ------
·T~LE. VI]; 
ANALYSIS OF VARIANCE (JF ,THE .. EGG WEIGHT DATA, TRIAL.~ 
Source· of Sums of Mean F Probability 
variation d. f. squares square~ value ·.level 
Total sum of 
squar'es 45 726. 63 ------
Diet 7 108.58 15.,51 0.95 P>0.25 
Error (among 
:individuals 
within diets) 38 618.05 16.26 --·---
Source of 
variation 







ANALYSIS OF VARIANCE OF THE BODY WEIGHT GAIN 
OR LOSS DATA, TRIAL 1 
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Sums of Me'an F Probability 
d.f. squar~s squares value level 
45 3,685,173.74 ------ ----,,.-
7 1,508,940.70 215,562.96 3.76 P >0.01 
38 2,176,233.04 57,269.29· ------
TABLE IX 
ANALYSIS OF VARIANCE OF THE FEED CONSUMPTION DATA, TRIAL I 
Source of I Sum of Mean· F Probability 
variation d. f. squares squares value level 
Total sum of 
squares 45 8,903.48 ------
Diet 7 3,948.92 564.13 4.33 P .> o. 01 
Error (among 
individuals 
within diets) 38 4,954.56 130.38 ------
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TABLE X 
ANALYSIS OF VARIANCE OF THE PROTEIN EFFICIENCY DATA, TRIAL I 
Source of Suni,of Me,an ' F Prc;,bability 
variation d. f. sq~ares squares value level 
Total sum of 
squares 45 10.92 ----r ------
Diet 7 3.56 0.51 2.63 P '.:>0.05 
Error (among 
individuals 
within diets) 38 7.36 0.19 ---- ------. 
TABLE·XI 
ANALYSIS OF VARIA:NCE OF THE ENERGY,EFFICIENCY DATA, TRI~ I 
Source of ·sum of Mean· F Probability 
variation d.f. squares squares value level 
Total sum of 
squar.es 45 0.0326 -~----
Diet 7 0.0108 0.0015 2.50 P >0.05 
Error (among 
individuals 
within diets) 38 0.0218 0.0006 ------
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hens fed Diet 5 gained 644 grams. Although hens that were fed Diets 1, 2, 
3 and 4 gai~d 300 to Ji.oo grpiM1ns ~ it was expected that they would! gain mor® 
,. . !!,.. I 
than hens fed Diet 5. This along with the fact that egg production was low-
est on Diet 1 tends to indicate that some nutritive imbalance was present 
in Diets 1 through 4. 
Average daily feed consumption was reduced significantly (P>0.01~ Table 
IX) by the higher energy and protein levels_ of Diets 1 through 4. Hens that 
- . 1·: 
were fed Dietl consumed the least amount of feed. This lowex f~ed consump-
tion accounts for some of the difference in egg production and body weight 
. ,. 
gain among hens fed the experimental d~ets •. Theor.etically, if all nutrients 
were balanced, this reduced feed consumption should not affect egg produc .. 
tion apd bady·w•ight•change -~ince the nutrients were more highly concentra-
ted in Die ts 1 through 4. 
One of the most interesting findings of this ~rial was that9 r~gardless 
of the p!otein and energy levels of the experimental diets, _protein and 
~ne!$.:r consumpt.i<>~ ~mong ap ~ens wa_s ~bout. the same. iWi;h the exceptions 
of those hens th~t were fed Die~s 7_and Sp protein consumption was approxi-
mately 16 grams per bird per day and energy consumption was appxoximate'ly 
.. . ' i -
300 Calories per day (Table V). Intake values which axe given for Diets 7 
I . I 
and 8 may no,t be representative. T-he polyethyJ..ene spheres which were used 
as filler were picked over qy the hens and rem'ain~d in the feed container 
and were weighed back at the end of the experiment. Had the hens const!med 
these diets without picking over the polyethylene, protein and energy con-
swnption values might have been closer to tho~e of the other diets. 
The efficiency of protein and energy utilization.was significantly dif= 
'· ' ~ j 
ferent (P>0.05, Tables X and XI) among hens that,were fed the different 
... -· ' 
experimental diets. This is in agreement with the observations that egg 
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production was lower on the diets with higher levels of energy and proteiµ, 
and that energy consumption and protein consumption were nearly equal for 
all diets. 
ln an attempt to find a possible explanation for lower egg production 
and reduced body weight gains among hens that were fed Diets 1 through 4, 
vitamin consumption per hen was calculated for each of the 8 experimental 
diets and a standard diet (Table XII). In calculating the vitamin intake 
levels of the standard diet the assumption was made that laying hens would 
consume 114 grams of a practical-type diet per day. The vitamin require-
ments reconunended by Titus (1955) were used in making these daily vitamin 
intake calculations. A comparison of these intake values with the vitamin 
intake values of the experimental diets shows that vitamin A, vitamin B12 
and pantothenic acid consumption rates per hen were low in all diets and 
that riboflavin, pyridoxine, choline and thiamin consumption rates were 
low in Diets 1 through.4. 
Trial II 
Purpose 
In Trial I daily feed consumption appeared to be dependent upon the 
I 
levels ()f dietary protein and energy. , Hens were able to compensate for 
low dietary levels of protein and energy by consuming more feed, and simi-
larly hens that were fed extremely high levels of protein and energy com-
pensated by consuming less feed. Ability of.the hen to regulate nutrient 
intake has contributed greatly to the confusion over the exact percentages 
or proportions of nutrients required in layer hen diets. Regardless of 
dietary energy and protein levels, approximately 16 grams of protein and 
300 Calories of energy were consumed per hen per day. These results suggest 
TABLE m 
AVERAGE DAILY VITAMIN CONSUMPTION, TRIAL I. 
Diet number 1 2 J 4 2 6 2 8 
Vitamins Units StandardI 
Vitamin A I.U. :;,000.00 1463.00 1661.00 1661.00 1641.00 2029.00 2121.00 1839.00 1700.00 
Vitamin D3 r.c.u. . 88.00 146.oo 166.oo 166.00 164.oo 203.00 212.00 184.00 170.00 
Vitamin E r·.u. 6.25 7.31 8.30 8~30 8.20 10.14 10.60 9.19 8.50 
Vitamin K3 Mg. 0.05 o.o4 0.05 0.05 0.05 0.06 0.06 0.06 0.05 
Vitamin BJ..z Meg. 0.75 o.44 0.50 0.50 0.49 0.61 o.64 0.55 0.51 
Riboflavin Mg. 0,45 0.29 0.33 o.:;:; 0.33 o.41 o.42 0.37 0.34 
Niacin Mg. l.88 2.93 3.:;3 :;. :;:; 3.29 4.06 4.25 :;.68 J.4o 
Pantothenic acid Mg. 1.1:; 0 .• 59 o.66 o.66 0.65 o.81 0.85 0.74 o.68 
Pyridoxine Mg. o.:;s 0.29 o.:;:; o.:;3 o.:;:; o.li.1 o.42 o.:;7 o.34 
d-Biotin Mg. 0.02 0~15 0.17 0.17 0.16 0.20 0.21 · o.18 0.17 · 
Choline Mg. 125.00 85.86 97.50 97.50 96.JJ 119.09 l24.5J 107.97 99.8:; 
Thiamin Mg. 0.75 0.59 o.66 · o.66 0.65 0.81 0.85 0.74 o.68 
Folic acid Mg. 0.06 0.12 0.1:; 0.1:; 0.1:; o.16 0.17 0.15 0.14 
Ascorbic acid Mg. --- 3.29 J,74 :;.74 :;.69 4-.57 4.78 4.14 :;.8:; 
Inositol Mg. -- 3:;.20 37.70 37.70 :;7.25 46.05 48.15 41.75 :;s.60 
lstandard - calculated f'rom Titus (1955). The assumption was made that the hens would· consume 114 




that the customary metho.d of basing nutrient requirements on a per~entage 
or a proportion of the total diet does not adequately consider daily nutrient 
requirements of laying hens. 
It was obvious from Trial I and other research work which has been re~ 
ported in the literature that in order to measure the effects of different 
nutrient intake levels it would be necessary to control feed consumption. 
The a~sumption was made that excess dietary volume would reduce the hen's 
ability to compensate for low levels of dietary nutrients, while a low die-
tary volume would allow hens to consume higher levels of the nutrients. 
Trial II was initiated to determine if feed intake could be controlled 
by regulating volume, with enough precision to study the effects of graded 
intake levels of protein and energy. In addition, this trial was designed 
to obtain more data on daily nutrient intake and to check the validity of 
daily nutrient intake as a basis for the determination of nutrient require-
ments for laying hens. 
Procedure 
Trial II consisted of 8 experimental diets, each replicated 9 times, 
with each laying hen serving as a replicate. DeKalb-131 layers which were 
ten months of age were placed on the experimental diets April 2, 1959. 
These hens were laying at a rate of approximately 55 percent when the trial 
started. Data were collected for 6 two-week. periods and the trial was 
terminated on November 29, 1960. 
Although data from Trial I did not furnish a comp1ete daily nutrient 
intake standard, it pravided valuable information as to the daily intake 
requirement of laying hens for protein and ·energy. The experimental diets 
that were fed in Trial II were formulated on a per-hen-per-day basis, using 
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TABLE XIII 
INaaEPIENT COMPOSIT:i:ON1 OF THE EIGHT 
EXPERIMENTAL DIETS, TRIAL II 
Diet number ·l 2 J Ii . 2 ·~ 2 8 · .. In!l;redients 1• Grams ot ingtedientl! 
Polyethylene f'lui't3 28.4. .j0.6 33 .. 8 . 34 •. 5_ ;4.6 29.7 24.7 23.5 
Oat mill teed4 15.0 15.0 15.0 15.0 15.0 15~0 15.0 15.0 
Starch 11.7 21.0 25.9 31.9. 6.1 11.9 · 23.5 29.3 
Dried whqle egg solids ,o.8 27.7 24~6 21 •. 4 . j0.8 ;0.8 ·.' 30,8 ';0.8 
.. 
·corn oil 5.0 s.o 5.0 5.0 5.0 5.0 5.0 5.0 
Vitamin concentrate.5 1.0 1.0 1.0 l.O 1.0. 1.0 1.0 l.O 
Dicalcium phosphate 
(18% phosphorus) 4.5 4.5 5.0 5.0 4.5 4.5 4.5 4~5 
Calciwil carbonate 3.5 3.5 3.1 3~1 3.5 3.5 3.5 3.5 
Trace mine~al m1x6 0.1 0.1 0.1 0.1· 0.1 0.1 0.1 0.1 
Salt (Na ell o.:i o. :z 01:l Oi2 012 0.2 0.,2 0.,2 
Total weight (gms.) 106.5 109.7 114.0 117.5 101.1 102.0 108.6 113.2 
Total volume (ml.) 300 ;00 300. ;02 ;00 294 295 295 
Desired dailI nutrient consumetion 
Crude protein (gm.) 16.14 14.57 12.98 11.39 16.14 16.14 16.14 16.14 
Calories (M.E.)7 288 297 309 Jl8 229 254 318 356 
Calorie-protein ratio. 17.8 20.4 23.8 27.9 14.2 15.7 19.'i' 22.1 
Calcium (gm.) 2.64 2~63 2.61 2,60 2.64 2.64 2.64 2.64 
Total phosphorus (gm.) 1.14 1.12 1.19 1.17 1.14 1.14 1.14 1.14 
Crude fiber (gm.) 32.6 ;4.8 ;8.0 38.7 ;8.8 33.9 28.9· 27.7 
Footnotes to Table. XIII 
1. Ingredient composition--the experimental diets were calculated on 
a per hen, per day basis and they are presented on this basis. 
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2. Grams of ingredient--calculated to meet the desired daily nutrient 
consumption which is listed at the bottom of Table XIII and in 
Table XIV. 
3. Polyethylene fluff-- 11Alathon" 10, E. I. DuPont De Nemours and 
Company, Incorporated, St. Louis 1, Missouri.: 
4. Oat mill feed--Red-3 higradeoat mill.by-product, National Oats 
Company, Cedar Rapids, Iowa. 
5. Vitamin concentrate--refer to Table XIV. 
6. Trace mineral mix--see foot,ote 5, T~ble _II. 
7. (M.E.)-.-metabolizable energy, Titus (1955). 
TABLE XIV 
COMPOSITION OF THE VITAMIN CONCENTRATE FED IN TRIAL II AND 
THE DAILY INTAKE OF EACH VITAMIN WHEN THE CONCENTRATE 
IS CONSUMED AT THE RATE OF ONE GRAM PER HEN PER DAY 
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Vitamins Units 
One gram of concentrate 

























































CALCULATED AMINO ACID COMPOSI~IONl 
OF ALL EXPERIMENTAL DIETS ,' 'l'ItIAL II 
' ! . 
Gm/ per 16 gm. · 





1. 70 Glutamic acid 
7.30 Aspartic acid 
2.30 Glycine 
2.70 Alanine 
8.40 Pro line 
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Gm. per 16 gm. 










1c~lculated amino-acid composi~ion ~ 'all amino acid calculations 
were _based upon average '1/alues :a's 'given in Block and Weiss (1956). 
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the daily nutrient intake standard that;was based upon the data from Trial 
I. An examination of the 8 experimental diets, the composition of which is 
given in Table XIII, will help explain·this per-hen-per-day method of fot-
mul~tion. In the formulation of any diet for laying hens, it is relatively 
simple t~ combine all required nutrient~· within the quantity of feed which 
a hen will consume in one day. Si~ce total weight of the daily diets was 
· not important until the weight as well as dietary volume exceeded that quan-
tity which coµld be consumed per hen per day, dietary weight was not consid-
ered to be an important factor in t'he fo.rmulation of these diets. The 
quantities of feed ingredients that were necessary to pr?vide the desired 
daily nutrient intake of all nutrients were combined, then total volume of 
the combined ingredients was calculated. Polyethylene fluff, which is an 
inert source of volume, was added to raise the volume of each daily diet 
to 300 milliliters. Vitamin concentrate supplementation to all diets was 
constant and increased above that used in Trial I (Table XIV). 
In order to obtain some information as to the daily amino acid require-
ments of layers~ a single source of protein was fed in this trial. It was 
reasoned that the protein source should be one which would furnish an avail-
able and adequate supply of amino acids. Based upon reasoning and previous 
research work reported by ~ohnson and F~sher (1956), dried whole egg solids 
was chosen as the source of protein. The amino acid ratios of the experi-
mental diets were calculated and are presented in Table XV. The protein 
intake level$ for Trial II were originally planned to be 16, 14, 12 and 10 
grams and the metabolizable energy intake levels were to be 350, 325, 300, 
250 and 225 Calories per day. 
It will be noted in Table XIII that the dietary levels of protein and 
energy are.not the same as those which were originally planned. In the 
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formulation of these experimental diets, there were two factors which caused 
the discrepancy between the planned nutrient levels and those which were 
actually fed:. (1) Oat mill feed was added to the diets at a constant level 
as a source of volume and crude fiber. It was originally decided not to 
consider the protein and energy that was contribute·d by this oat mill .feed. 
However, in the final calculations, the quantiUes of protein and energy 
that were contributed by oat mill feed were added to that contributed by 
the other ing.redients and this incr~ased the level of dietary protein and 
energy above that which was planned. (2) In the early stage~ of the develop-
ment of this method of diet formulation, it was difficult to avoid the cus-
tomary procedure of considering dietary weight. Dietary energy levels were 
calculated as though, the ingredient quantities were expressed in pounds 
rather than grams. The Calorie-per-pound values of, the total combined in-
' gredients were then divided by 454 to arrive at Calories-per-gram. Then 
the Calories-per-gram were multiplied by 113.5 which is consid.ered to be a 
standard figure for daily feed consumption per hen. The author failed to 
consider that 113.5 grams might not be consumed per day and that unequal 
da!lY feed, intake weights would result from maintaining a constant volume 
with graded nutrient levels. The Calories-per-gram should have been multi-
plied by the actual weights of the daily diets, which represent the desired 
daily feed intake. Consequently the actual'.> corrected levels of protein 
and energy in the experimental daily diets turned out to be 11.39, 12.98, 
14.57 and 16.14 grams and 229, 254, 318 and 356 Calories. This method.of 
energy calculation is one that can be followed if the proper diet weights 
are considered in the calculations. 
A subsequent procedure wh_ich was used was to calculate the .total Calo-
ries of energy and grams of nutrient contributed by each ingredient and 
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then add the nutrient values together for the various ingredients to arrive 
at the total nutrient level in the daily diet. Energy content of feed in-
gredients is normally given as Calories per pound; therfore, the latter 
method of diet formulation on a daily nutrient intake basis requires that 
Calories per pound of feedstuff be converted to Calories per gram. This 
can be accomplished by dividing Calories per pound of feedstuff by 454. It 
should be remembered with this method of diet formulation that the quantity 
of each ingredient which is added to the diet is equivalent to the desired 
daily intake of that ingredient. 
Both the summary and the statistical analyses for Trial II were divided 
into two separate studies (Table XVI) to facilitate comparisons among the 
graded protein and graded energy intake levels. Study 1 (protein study) 
included Diets 1, 2, 3 and 4 which contained 16.14, 14.57, 12.98/Iand 11.39 
';) 
grams of protein, respectively. Due to the two factors which were described 
previously, the respective levels of metabolizable energy were 288, 297, 
309 and 318 Calories. Study 2 (energy study) included Diets 5, 6, 1, 7 and 
8 which contained 229, 254, 288, 318 and 356 Calories of metabolizable ener-
gy, respectively. The level of protein was constant at 16.14 grams in all 
five diets of Study 2. 
Study 1 
Results 
Table: XVII gives a summary of egg production, egg weight, body weight 
change, feed consumption and efficiency of feed utilization for the hens 
in Study 1. Egg production did not appear to be influenced by the single 
source of protein or by the graded levels of protein intake in this study. 
Although there were some sizable differences among diets, there was so much 
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TABLE XVI 
EXPERIMENTAL. DES,IGN OF THE TWO STUDIES MADE IN TRIAL II 
Protein, Study 1 
Diet number 1 2 3 4 
Daily protein intake (gm,) 16.14 14.57 12.98 11.39 
Daily Calorie ((M.E.)l intake 288 · 2.97 309 318 
Calorie-protein ratio 17. 8 20.4 23.8 27.9 
Energy, Study 2 
Diet nUTll,ber 5 6 . 1 7 8 
Daily protein intake ,(gm.) 16.14 16.14 16.14 16.14 16.14 
Daily Calorie (M.E.)1 intake 229 254 288 318 356 
Calorie-protein ratio 14.2 15.7 17.8 19.7 22.1 
l(M.E.) - metabolizable energy, Titus (1955). 
~ABL~ XVII 
AVERAGE EGG PRODUCTION, EGG WEIGHT, 1BODY.WEIGHT 
CHANGE, FEED CONSUMPTION AND EFFICIENCY QF. 
FEED.UTILIZATION PER HEN, STUDY 1, mI~ II 
Diet number 1 2 3 
Number of days on experiment 84 84 84 
Number of survivinghens per 
diet (replicates) 8 8 8 
Average number of eggs 
produced 38.4 48.1 50.4 
Percent egg production 45.7 57.3 60.0 
Egg weight (gm.) 58.9 58.0 57.7 
Total body weight gain or 
loss (gm.) -42 -227 -278 
Daily feed consumption 
(gm.) 96.4 94.2 102.5 
Daily protein consumption 
(gm.) 14.6 12.5 11. 7 
Daily Calorie (M.E.) 1 
consumption 245 240 243 
Gm. protein per gm. egg 0.54 0.38 0.34 
Calories 1 (M.E.) per gm. egg 9.1 7.2 7.2 
Vitamin concentrate 
consumed (gm.) 0.91 0.86 0.90 
Milliliters consumption 
of total diet 270 254 267 

















individual hen variation that these differences were not statistica~ly si~-
nificant. However, the difference in body weight change, among hens that 
were fed the various experimental diets, were significant (P..:> O. 025, Table 
XVIII). All diets were nutritionally inadequat.e to. maintain the body weight 
of the hens, but hens that were fed the highest level of protein lost less 
body weight than those that were fed the lowest level of protein. With the 
exception of the hens that were fed Diet 4, body weight loss per hen de-
creased as dietary protein was increased. These hens lost only 214 grams 
as compared to 278 grams lost by hens that were fed Diet 3. 
The extreme volume of the experimental diets apparently restricted feed 
intake more than was desired in thi~ study. Total feed consumption did not 
reach the expected level; consequently, the consumption of both protein and 
energy was lower than calculated. Even though protein consumption values 
•, 
were all lower than was calculated, there was a definite gradation in pro-
tein consumption. Protein consumption levels for the four experimental 
diets were calculated to be 16.14, 14.57, 12.98 and 11.39 grams. The re-
spectiv.e actual consumption levels were 14.6, 12.5, 11.7 and 9.7 grams. 
Differences in efficiency of protein utilization were highly signifi-
cant among hens that were fed the various experimental diets (Table XIX) .. 
Tl_ie grams of protein that were required to produce each gram of egg increased 
steadily as dietary protein was increased. There was very little difference 
in efficiency of energy utilization among hens fed the various experimental 
diets. This indicates that the differences in dietary energy levels were 
not serious enough to influence the results of the protein study. 
Study 2 
Results 
Performance data for the hens in Study 2 are summarized in Table XX. 
Source of 
variation 






ANALYSIS OF VARIANCE OF THE BODY WEIGHT GAIN 
OR LOSS DATA, STUDY 1, TR.IAL II 
Sum of Mean F 
d.f. squares squares value 
31 836,966.00 ------
3 237,190.50 79,063.50 3.69 
within diets) 28 599,775.50 21,420.55 







ANALYSIS OF VARIANCE, OF THE fROTEIN EFFlCI~NCY · 
. . DATA, STUDY 1, TRtAL II ·.. -
Source of Sum of Mean F Probability 
variation d.f. squares squares value level 
Total sum of 
squares 31 25.41 ------
Diet 3 8.57 2.86 4. 77 P> 0.01 
Error (among 
individuals 
within diets) 28 16.84 0.60 ------
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.TABLE XX 
AVERAGE EGG PRonucTION, EGG WEIGHT, BODY WEIGHT 
CHANGE, FEED CONSUMPTION AND EFFICIENCY OF 
EGG PRODUCTION PER BEN, STUDY 2, TRIAL II 
Diet number 
Number of days on experiment 
Number of surviving pens per 
diet (replicates) 
Average number of eggs 
produced. 
Percent egg prod~ction 
Egg weight (~.) 
Total body weight gain or 
loss (gm.) 
Daily feed c9nsumption 
(gm.) 
Daily protein consumption 
(gm.) 
Daily Calorie (M, E.) 1 
consumption 
Gm. protein per gm. e~~ 
~ ,.· ·,. ;._,,..i\'.:.:1.'.·-:::. 




of total diet 
5 6 1 7 8 
84 84 84 84 84 
7 9 8 8 9 
40.4 30.6 38 .. 4 44.6 · 46.8 
48~1 36.4 45.7 53.1 55.7 
54.2 60.2 58.9, 58.8 56.7 
-194 -144 -42 -40 -81 
89.7 87.0 96.4 87.2 87.8 
14.4 13.2 14.6 13.0 12.6 
201 212 '· 245 235 244 
' 
o. 55 o. 5.9 o. ,54 o. 42 0. 39 
7.7 9.5 9.1 7.5 7.6 
0.89 0.85 0.91 0.80 0.78 
269 252 270 236 228 
l(M.E.) - metabolizable energy, Titus (1955). 
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There were no statistically significant differences among the diets for 
any of the variables tested. However, hens that were fed the higher energy 
' 
levels tended to lase less_body weight than those fed the lower.energy 
levels. 
Feed consumption, protein consumption, protein efficiency and vitamin 
concentrate consumption figures were all nearly equal for the ,five experi-
mental diets. With the exception of Diet 1, the gr-adatipns _in actual ener-
gy consumption followed the predetermined pattern, but the volume of feed 
consumed per hen generally d.ecreased as dietary energy was increased. Al-
though it was less obvious, this pattern also existed with the small energy 
differences present in Study 1 (Table XVII). From the standpoint of diet 
formulation, these data indicated that as dietary energy was increased 
dietary volume should have been decreased. 
A feed volume of 300 milliliters per day restl;'icted feed intake too 
drastically in this studr as had,been the case in Study 1. The hens were 
unable to consume an average of 300 milliliters per day on any diet that 
was fed in Trial II. One possible explanation was that the hens were all 
' 
relatively old and layi11g at a low rate of production when the trial was 
initiated. Low egg production would tend to reduce feed consumption. An-
other factor .-which contributed to the low overall volume of feed consumption 
per hen is evident from the data in Table XXI. The data on volume of feed 
consumed per hen for each period and for all eight experimental diets that 
were fed in Trial II are found in Table XXI. These data_ indicated that hens 
needed an adjustment period of approximately four weeks in order to reach 
a maximum rate of consumption of the high volume diets. Hens reached maxi-
mum feed consumption on all diets during Periods 3, 4 and 5. During the 
sixth period, feed consumption per hen again decreased. In Periods 3, 4 
TABLE XXI 
AVERAGE DAILY VOLUME OF FEED CONSUMPTION PER HEN, TR.I~ 
II, SUMMARIZED BY PERIQDS 
Period 1:1umber l 2 3 4 ·5 
,Diet·num.ber Milliliters of feed consumption 
1 · 205 265 285 304 284 
2 209 234: 275 237 335 
3 218 256 3.24 333 293 
'· 
4 199 241 294 294 299 
5 189 250 31-9 274 330 
6 222 265 28? 244 289 
7 198 273 262 241 241 












and 5 the hens were attempting to consume enough feed to compensate for the 
low nutrient levels of the experimental diets. It was reasoned that the 
high volume of these diets forced the hens to reduce feed consumption duripg 
Period 6. They were unable to continue consuming an extremely high volume 
of feed for long periods of time. 
The data collected in Trial II gave evidence that volume could be used 
with some degree of accuracy in controlling feed intake of laying hens. How-
ever, two major changes in procedure were indicated by these data: (1) vol-
ume of the diet evidently should have started low and increased gradually 
until the hens were on full-feed, and (2) as dietary energy was increased 
the dietary volume should have been reduced. 
In addition to the findings relativ~ to dietary volume, there were also 
some indications that relatively small gradations in protein and energy in-
take could have some influence on the overall performance of laying hens. 
This was particularly true in body-weight~change of the hens, which was 
influenced by both protein and energy intake. 
Trial III 
Purpose 
Since Trials I and II were of short duration and involved only small 
numbers of hens, it was considered desirable to repeat these experiments. 
Trial III was designed to examine more thoroughly a combination of essen-
tially the same factors that were studied in· Trials I and IL·· The specific 
purposes of this trial were: 
(1) to study the effects of dietary volume upon nutrient intake and 
to improve the volume technique of nutrient intake control, 
(2) to determine the effects of a range of protein int.akes upon the 
performance of laying hens, 
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(3) to determine the effects of a range of metabolizable energy iq-
take upon the performance of laying hens, 
(4) to study the effec~s of a range of vitamin-mineral concentrate 
intakes upon the utilization of other nutrients in the diet 
and upon the overall performance of layers, and 
(5) to study interactions among the factors listed above. 
Procedure 
This feeding tria~ comprised 29 experimental diets, each replicated 11 
times. Three hundred and nineteen Kimber Chik, 5-month-old pullets were 
fed the experimental diets. The trial was initiated on December 1, 1959 
and data which are to be reported herein were collected for 13 four-week 
periods. Data to be reported in a later publication were collected for 6 
additional four-week periods. In order to maintain an adequate number of 
replicates throughout the entire experiment, hens that died during the first 
four periods were replaced. 
The overall experimental design for Trial III is presented in Table 
XXII. Twenty-nine combinations of three intake levels of protein (13, 16 
and 19 grams), three intake levels of metabolizable energy (250, 300 and 
350 Calories), and five intake levels of vitamin-mineral concentrate (0.215, 
0.640, 1.065, 1.490 and 1.915 grams) were set up as the intake levels. 
Table XXIII shows the specific vitamin and mineral consumption per hen that 
was desired for each of the five vitamin-mineral concentrate levels. 
Nine basals (Table XXIV) were formulated on a per-hen-per-day basis. 
This method of formulation was described under the procedure for Trial II. 
The basals furnished the desired volumes and nine combinations of three in-
take levels of protein and three intake levels of energy. To comply with 
the findings of Trial II the volume of all basals was standardized at approx-
imately 250 milliliters at the start of Trial III. Feed consumption data 
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TAllLE XXII 
OVERALL EXPERIMENTAL DESIGN, TRIAL III 
Daily protein Daily vitamin-mineral 
consumption concentratel consumption ~gm.) 
Diet Diet Diet Diet Diet 
Grams Calories Number Number Number Number Number 
13 250 (1) 0.215 (2) o.64o .(3) 1.065 
13 300 (4) o.64o (5) 1.065 (6) L490 
13 350 (7) 1.065 (8) 1.490 (9) l.915 
16 250 ( 10) 0.215 (11) o,64o (12) 1.065 (13) 1,490 
16 300 (14) o.64o (15) 1.065 (16) l.490 
16 350 (17) o.64o (18) 1.065 (19) l.490 (20) l.915 
19 250 (21) 0.215 (22) o.64o (23) 1.065 
19 300 (24) o.64o (25) 1.065 (26) l.490 
19 350 (27) 1.065 (28) 1.490 (29) l. 915 
lvitamin-mineral concentrate - see Table XXVII for the composition. of this concentrate, 
64 
TABLE XXIII 
DE.SIRED VITAMIN AND MlllE.ll.AL CONSUMPTION PER HEN, PER DAY 
FOR EACH OF THE FIVE VITAMIN MINERAL-CONCENTRATE LEVELS, TRIAL III 
Vitamin-mineral concentrate level 
Vitamin or Grams 
mineral Units 0.215 o.64o 1.065 1.490 l.91~ 
Vitamin A u.s.P. 505.14 1503.67 2502.20 3500.73 4499.25 
Vitamin D3 r.c.u. 75,77 225,55 375,33 525.11 · 674,88 
Vitamin E r.u. 0.38 1.13 1.87 2.62 3,37 
Vitamin K3 Mg. 0.19 0.56 0.94 1.31 1.69 
Vitamin B12 Meg. 0.51 1.50 2.50 3.50 4.50 
Rihoflavin Mg. 0.25 0.75 1.25 1. 74 2.24 
Niacin Mg, 2.02 6.02 10.01 14.oo 18.00 
Pantothenic acid Mg. 0.51 1.50 2.50 3,50 4,50 
Pyridoxine Mg. 0.51 1.50 2.50 3.50 4.50 
d-Biotin Mg. 0.02 0.06 0.10 0.13 0.17 
Choline Mg. 31.57 93,98 156.38 218. 79 281.20 
Thiamin Mg. 0.76 2.25 3,75 5,24 6.74 
Folic ,1cid Mg • ..;_ 0.13 0.38 0.63 o.88 1.13 
Ascorhic acid Mg. 0.63 l.88 3.13 4.38 5.63 
Inosital Mg. 3.16 9.40 15.63 21.87 28.04 
Para aminobenzoic acid Mg. 0.25 0.75 1.25 1.74 2.24 
Manganese Mg. 1,75 5.21 8.67 12.13 15.59 
Iodine Mg. 0.05 0.16 0.27 0.37 o.48 
Cobalt Mg. 0.0!1 0.11 0.18 0.25 0.33 
Iron Mg. 1. 38 4.10 6.82 9.54 12.26 
Copper Mg. 0,10 0,31 0.51 0.72 0.92 




tNGREDIENT COMPOS1ITION OF. THE NINE BASALS USED 
TO FORMULATE THE EXPER:W.E,NTAL DIEI'S I TRIAL III 
Basal A B C D E F G H I 
In~redients Qrrims of 1n6redient2. 
Sta'bi.lized animal tall.ow 8.o 10.0 12.0 8.o 10.0 12.0 7,0 10~0 12.0 
Starch 12.5 21.2 30.4 4.4 13.2 21.8 5.0 13.7 
Ground yellow corn 12.2 12.2 12.2 15.0 15.0 15.0 17,8 17.8 17.8 
Oat mill feed 24.4 24.4 24.4 30.0 30,0 30.0 · 35.6 35.6 35,6 
Dehydrated alfalfa 
(17'1, protein) ·. 1.6 1.6 1.6. 2,0 2.0 2.0 2.3 2.3 2.3 
Herrtng fish meal 
(74.61, protein) 2.5 2,5 2,5 3,0 3,0 3,0 3,7 3,7 3,7 
'" Soybean oil meal 
(501, protein) 8.5 8.5 8,5 10.5 10.5 10.5 12.5 12.5 12.5 
'.l.\lood meal 
(841, protein) 3,3 3,3 3,3 4.o 4.0 4.o 4.8 4.8 4,8 
('-·: 
Gelatin 1.6 1.6 1.6 2.0 2.0 2.0 2.3 ' 2.3 2.3 
Delactose.d dried whey 1.6 1.6 1.6 2.0 2.0 2.0 2.3 2.3 2.3 
Dried condensed fermented 
corn extractives3 1.6 1.6 1.6 2,0 2.0 2.0 2.3 2.3 2,3 
Dicalcium phosphate 
(18'1, phosphorus) 5,3 5,3 5,3 5,3 5,3 5,3 5,3 5,3 5,3 
Calcium carbon~te 3,5 3,5 3,5 3,5 3,5 3,5 3,5 3,5 3,5 
Salt (Na cl) 0,5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
dl-Menthionine 0.12 0.12 0,12 0,14 0.14 0.14 0.17 0.17 0.17 
Polyethylene fluff4 18.0* 14;5* 11,6* 13,9* 11.2* 8.~* 6.8* 4.8* 2.1* 
Total weight (gm.) 105.2* 112.4* 120,3* 106.2* '114,3* 122.2* 1o6.9* 112,9* 120.4* 
Total volume (me.) 255* 251* 250* 253* 253* 253* 251* .250* 250* 
Calculated nutrient analyses 
Crude protein (gm.) 13.06 13.o6 13.06 16.02 16.02 16.02 19.07 19.07 19,07 
Calories (M.E.)5 250 300 350 250 300 350 25$ 300 350. 
Calori~-protein ratio 19,,1 23.0 26.8_ 15.6 18.7 21.8 13,4 15,7 · 18.4 · 
Calcium (gm.) 2.82 2.82 2.82 2.86 2.86 2.86 2.91 2.91 2.91 
' 
Available phosphorus (gm.) 1.08 1.08 . 1.08 1.14 1.14 1.14 1.14 1.14 1.14 
Crude finer (gm.) 26.9* 23,4* 20,5* 24.9* 22.2* 19,5* 19,9* 17,9* 15,2* 
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Footnotes to Table XXIV 
1. Illgredient' composition--the basals were calculat~d on a per hen, per 
day basis and they are presented on this basis. 
2. Grams of ingredient--calculated to meet the desired daily protein and 
energy consumptions that are listed in Table XXII. 
3. Dried condensed fermented corn extractives--C.F.S .• No.3, Clinton Corn 
Processing Company, Clinton, Iowa. 
4. Polyethylene fluff--"Alathon" 10, E. I. DuPont De Nemours and C.pmpany, 
Incorporated, St. Louis 1, Missouri. 
,. (M.E.)--metabolizable energy, Titus (1955). 
*Refer to Table XXV for adjustments that were made in these values after 
the first twenty eight-day period of the experiment. 
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were examined at the end of each of the first three experimental periods 
to determine what volume adjustments should be made in order to control 
nutrient intake better. Then, based upon feed consumption data, volume 
adjustments were made in the basals for Periods 2, 3 and 4. Volume of the 
basals was adjusted by adding or removing polyethylene fluff, Therefore, 
total weight and fiber level were changed with each adjustment. The volume 
adjustments and the subsequent weight and fiber changes are tabulated in 
Table XXV. The volume was not changed after the beginning of the fourth 
period. 
The experimental diets were composed of a certain specific calculated 
quantity of one of the basals plus one of the desired intake levels of vi-
tamin-mineral concentrate. The quantity of basal diet used after each vol-
ume adjustment, and quantity of vitamin-mineral concentrate combined with 
the basal, are shown in Table XXVI. The composition of the vitamin-mineral 
concentrate and the amino acid ratios for these diets are presented in 
Tables XXVII and XXVIII, respectively. 
Again, a~ in Trial II, this t~ial was divided into separate studies for 
summarization and statistical purposes. The following five complete facto-
rial studies were summarized and analyzed statistically: 
(1) effects of energy and protein consumption upon the overall per-
formance of layers, 
(2) effects of protein and vitamin-mineral concentrate consumption 
with 250 Calories of metabolizable energy upon the performance 
of layers, 
(3) effects of prote~n and vitamin-mineral concentrate consumption 
with 300 Calories of metabolizable energy upon the performance 
of layers, 
(4) effects of protein and vitamin-mineral concentrate consumption 
with 350 Calories of metabolizable energy upon the performance 
of layers, and 
Basal 
TABLE XXV 
VOLUME ADJUSTMENTS MADE IN THE BASALS 
FOR PERIODS TWO, THREE AND FOUR, TRIAL III 
A B C D E F 
Values for period two 
Grams of polyethylene fluff 
(Table 'XII, footnote 2) 20,7 10.6 6.o 18.0 11.,2 7,0 
Adjusted total weight (gm,) 107.9 108.5 114,7 · 110.3 . 114,3 120,7 
Adjusted total volume (ml,) 270 230 220 275 253 245 
Adjusted daily fiber 






Values for period three 
Grams of polyethylene fluff 
(Table XII, footnote 2) 20.7 14,5 11.6 18.0 11.2 8.5 16.0 
Adjusted total weight (gm;) 107,9 112,4 120,3 110,3 114,3 122,2 116.9 
Adjusted total volume (ml.) 270 251 250 275 253 253 300 
Adjusted daily fiber 










Va!ues ?or perio~s ?our throug6 t6irteent 
Grams of polyethylene fluff 
(Table XII, footnote 2) 45,0 21,5 8,o 43,0 20.8 11,5 41.3 18.0·. 
Adjusted total weight (gm.) 132,2 119,4 116,7 135,3 123,9 125,2 142,2 126.1 
Adjusted total volume (ml.) 401 289 231 410 305 269 436 321 
Adjusted daily fiber 












1The volumes of the basal diets were held constant from the fourth through the thirteenth 
period of the experiment. 
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Diet 
number Basal 1 
l A 105.2 
2 A 105.2 
3 A 105.2 
4 B 112.4 
5 B 112.4 
6 'B 112.4 
7 C 120.3 
8 C 120.3 
9 C 120.3 
10 D 106.2 
11 D 106.2 
12 D 106.2 
13 D 106.2 
14 E 114.3 
15 E 114.3 
16 E 114.3 
TABLE XXVI 
COMPOSITIONl OF THE TWENTY NINE 




Grams of basal level of vitamin-
I :eeriod mineral concentrate2 
I 2 3 4-'i3 Grams 
' 
107~9 107.9 I 132,.2 0,.215 
107.9 107.9 132.2 0.640 
107.9 107.9 1~2. 2 .. i.065 
108,5 112.4 119.4 0.640 
108 .• 5 112.4 U9.4 lt065 
108.5 112.4 119.4 · 1. 490 
114. 7 · 120 .. 3 116. 7 1.065 
114.7 i20.3 11.6. 7 1.490 
114. 7 120.3 116. 7 1.915 
110 .• 3 110.3 135.3 0.215 
110.3 110.3 135.3 0.640 
110.3 110. 3 13~.3 1.065 
110.3 110.3 135.3 1.490 
114.3 114.3 123.9 0.640 
11'4;~3 114.3 123.9 1.065 
114.3 114.3 123.9 1.490 
*Continued on next page. 
TABLE XXVI (Con~inued) 
COMPOSITIONl OF THE TWENTY NINE 
EXPERIMENTAL DIETS, TRIAL III 
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Supplemental 
Grams of basal diet level of vitamin-
Diet J:!eriod mineral concentrate2 
number Basal 1 2 3 4-13- Grams 
17 F 122.2 120.7 114.3 123.9 0.640 
18 F 122.2 120.7 114.3 123.9 1.065 
19 F 122.2 120.7 114.3 123.9 1.490 
20 F 122.2 120.7 114.3 123.9 1.915 
21 G 106.9 116. 9 116. 9 142.2 o. 215. 
22 G 106.9 116.9 116. 9 142.2 0.640 
23 G 106.9 116. 9 116.9 142.2 1.065 
24 H 112.9 117.5 121.3 126.1 0.640 
25 H 112.9 117 .s 121.3 126.1 1.065 
26 H 112.9 117. 5 121.3 126.1 1.490 
27 I 120.4 118.3 118.3 120.0 1.065 
28 I 120.4 118.3 118.3 120.0 1.4.90 
29 I 120.4 118.3 118.3 120.0 1.915 
1compositio:n - The weight given for each basal plus the weight 
of the v,itami'n-mineral co.ncentrate is equivalent to the desired total 
daily· feed consumption. · 
2vit~in-mineral concentrate - 'l,'he grams of concentrate for each 
diet are equivalent ·to .the desired da.:f.ly vitamin-mineral concentrate 
consumption. given in Table ~II. See Table XXVII for the composition 
of the concentrate. 
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TABLE XXVII 
COMPOSU'ION OF THE VITAMIN-MINERAL CONCENTRATE, TRIAL III 
• > ... • 




















































































CALCULATED AMINO ACID COMPOSITIONl 
OF ALL EXPERIMEN'tAL DIETS, TRIAL III 
Gm. per -16 gm. 





1.19 Glutamic acid 
4.95 Aspartic acid 
1. 26 Glycine .. 
1.37 Alanine 
5.57 Pro line 
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Gm. per 16 gm. 







6 .• 91 
5.26 
5.81 
lAll amino.acid calculations,were based upon average values as 
given in Block and Weiss (1956). · 
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(5) effects of energy and vitam.in-mineral concentrate consumption 
with 16 grams of protein upon the performance o.f layers • 
... , .. , 
Some diets appear in more than one analysis, and it is recognized that 
the results may be slightly biased, since the results· of one diet have an 
equal influence on the results of two or more studies. However, for clari-
, 
ty of presentation of results .the author f·elt that it was necessary to pre-
sent the results of diets 3, 5, 7, 11, 12, 14, 15, 16, 18, 19, 23, 25 and 
27 more than one time. The experimental design for each study will be pre-
sented immediately before the results of that study. 
TABLE XXXIX 
FACTORIAL DESIGN, STUDY 11, TRIAL III, THE EFFECTS OF. ENERGY AND 































lstudy 1 All experimental diets ·in this study were calculated to 
supply 1..065 grams of vitamin-mineral concentrate per hen per day. 
2 (M.E.) - metabolizable energy, Titus (1955) •. 




Survival.data (Table XXX) show that livability was excellent in this 
study. The treatments did not adversely affect livability, with the possi-
ble exception of those diets that supplied 250 1 Calories of energy. Mortali-
' 
ty was slightly higher among the hens that were fed Diets 2 and 23 than in 
the hens fed the other diets. 
Both linear a,nd quadratic effects of energy upon egg production were 
statistically significant at the 5 and 1 percent levels, respec.tively. 
These trends are easily delineated from the average egg production data in 
Table XXXI. The statistical analyses are summarized in Table XXXII. Hens 
fed the 300-Calorie diets produced more eggs than those fed either the 250-
or 350-Calorie diets. This trend was present at all levels of protein in-
take, although it was not obvious with the 16-gram-~rotein diets until after 
the eighth period. Diet 15, which contained 16 grams of protein and 300 
Calories of metabolizable energy, maintained egg production at a higher 
level than did any of the other diets. Diet 3, which contained 13 grams of 
Pf?tein_ !U,~ 250 ~alories,of metabolizable energy,.did not support ~s high 
egg produ~~ion as did the.othei: ~iets. The effects of protein intake upon 
egg production were statistically significant only dVing the fourth and 
~enth experimental periods. In Period 4, this significance was .probably 
due to an extremely low egg production of hens that were fed Diet 23, and 
in Period 10 egg production increased a.s dietary protein level was increased. 
The effect of protein intake upon egg production appeared to be depen-
dent upon the level of dietary !~ergy. The general trend with the 250-
Calorie diets was for egg production to be highest on the 16-gram-protein 
diets. With 300 Calories of energy, egg,production tended to increase 
TABLE XXX 
NUMBER OF HENS PER TREATMENT AT THE END OF EACH.TWENTY-
:..- EIGHT-DAY PERIOD, STUDY 1, TRIAL III 
Diet mumber 3 5 7 12 15 18 23 
Period number · NU1Dber of hens 
l 11 11 11 11 11 11 11 
2 11 10 10 11 11 11 11 
3 11 11 10 11 11 11 11 
4 11 11 10 11 11 10 11 
5 11 11 10 11 11 11 10 
6 9 11 10 11 11 11 10 
7 9 11 10 11 11 11 9 
8 9 10 10 11 11 11 8 
9 9 10 10 11 11 11 8 
10 9 10 10 10 11 11 8 
11 9 10 10 10 10 11 8 .. 
12 9 10 10 10 10 11 8 


































AVERAGE EGG PRODUCTION PER HEN, BY PERIODS 
AND OVERALLl, STUDY 1, TRIAL . t1r· 
3 .. 5· 7 · · 12 · 15 18 
Percent egg production 
72.4 77. 9 73.9 79.2 78.2 80.8 
74.0 74.0 66.1 74.4 75,,6 75.6 
69.5 80.2 78.2 75.3 72. 7 75.6 
63.6 71.8 74.3 66.9 72.4 70.8 
55.2 75,0 71.1 69.2 67.5 70.5 
54.8 61. 7 66.1 60.7 60.4 q5.3 
56.0 68.5 72.1 59.1 64.3 66.6 
56.7 64.3 63.9 ,68.5 64.3 63.0 
54.0 62.5 57.5 62.3 65,3 60.1 
48.0 58.2 53.9 52.1 66.6 55.8 
45.-6 . 53.9 55.4 44.3 64.3 58.4 
30.2 55.4 55.,4 48.6 64.6 52.6 
21.0 49.3 49.2 35.0 64.6 48.1 
















- based upon cumulative data for all periods. 
76 
25 27 













70.6 61. 9 
TABLE XXXII 
ANALYSIS OF VARIANCE OF EGG PBOJ>rel'mll DATA 
BY PERIODS AND OVERALL, STUD? 1, TRIAL III 
f eriod number · · 1 ~ 3 4 5 15 7 s 9 10 11 12 13 , . overall 
~ource of variation d.f.~ Mean squares 
Total d.f. 2 (96) (96) (97) (96) (95) (93) (92) . (89) (B9) . (88) (86) (86) (85) . (85) 
Blocks 10 145 318 95 120 154 . 134 139 156 l8o 116 170 .2o4 426 1.o490 ·. 
Energy: (E) (2) 
Et (Linear) 1· 13 9 0 4~ 34f' 33 1.70* 8 i 17* 121 231*- 2512* /7o44* 
~ (Quadratic) 1 0 2 24* 189- i£1,* 9 ''* IJ5 67 145* 3~ 41r 1507A*. 1.ie.: . 11.0 
Protein: (P) (2) - * PL i 1.0 0 6 129 55 0 86 5 3 1.03 1.o4 50 93 948. 
PQ 1 15 19 0 46* 46 1 6 34 23 0. 0 35 38 224o . 
Energy-protein 
interaction (4) 
~ X PL i. 3 5 ·- 2it' 71 64 22 0 54 10 2 0 17 35 26 
~ xPL 1 14 1 17 7 32 0 ·. 0 2 0 12 1~ ·5 22 45 
EI, X PQ 1 0 0 5' 3ott* 21r 20 125* 50 8 0 1.6 84 1.0 2292 · 
~ X PQ 1 5 21 14 13 1 22 55 26 4 0 0 0 32 1.002 
- Error 12 19 7 11. 16 33 28. 27 30 25 33 37 43 1401 · 
Error d.£. 2_ 78 78 79 78 77 75 74 71 71. 70 68 68 ·67 67 
·::.d.i. - the.degrees of freedom for blocks· and treatments are the same for each pffiod BDal.ysis ·e.n4 the overal.l analysis, 
2Toui:1 d.f. and error d.:f. - mortality may change the:degrees o:f freedom from period to period.· The total d.f. a.re 
listed above the mean squares for each. period and the error'd.f· •. are listed below the mean squares for-each period. · 
i!Significant at the 5 percent·1evel. 
**Stgnificant e.t the 1 percent level. ..... ..... 
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wi.th each increase in protein intake. The trend with the 350-Calorie diets 
was one of near equal egg production from hens led the 13..;gram-pro~ein and 
16-gram-protein diets. Until the ninth period, hens fed 19-gram-protein 
diets produced less eggs than hens fed either of the other two protein le-
vels. From the tenth period through the thirte~nth period, hens fed the 
19-gram-protein diets tended to produce mere eggs_tban.hens fed the other 
protein intake levels. Even though these energy x protein interactio~ trends 
were present, they were statistically significant only in Periods 3, 4, 5 
and 7. 
A summary of the egg weight data for Study 1 is given in Table XXXIII. 
There were no significant differences in egg weight among hens fed the var-
ious experimental diets. Analyses of variance of the egg weight data are 
presented_ in Table XXXIV. 
Body-weight-change data in Table XXXV, show that as energy intake was 
increased body weight gain increased. Both linear and quadratic effects 
of energy upon body weight were significant (Table XXXVI) in the overall 
a?aly~is. ~owever, the quadratic effects have little meaning, since none 
' 
!Eare );>resent in ~ny .of the period· analyses. Either linear and/or quadratic 
effects of prote,~n up,on bo~y weight were s~gni,ficant in Periods 1, 2, 4, 
11 and 12 of Study 1, This meaning was also obscured since there was no 
discernible pat.tel!u- of .. th,e. e-ffect and nothing was ,significant in the over-
all analysis.Energy x protein interactions were present in s~e periods, 
but again nothing was found in the,overall analysis. 
Daily feed consump~ion per hen (Table XXXVII) followed a pattern simi-
lar to that in Trial II. Approximately the first four weeks were required 
for the hens to reach their maximum feed consumption. This adjustment per-
iod was followed by higher feed intakes during Periods 2, 3, 4 and 5. Feed 
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TABLE XXXIII 
AVERAGE EGG WEIGHT BY PERIODS AND OVERALLl, STUDY 1, TRIAL III 
Diet n'l:lmber· 3 5 . 7 12 15 18 23 ·25 27 
Period number Egg weight in grams 
1 55.2 52.8 , 52.9 54.4 53.2 55.6 55.5 56.3 54.4 
2 55. 7 55.1 53.9 55.4 54.7 56.6 57.1 57.1 56.8 
3 57.4 55.3 57.0 59.1 56.3 58.7 58.0 58.6 57.8 
4 57.4 56.9 57.2 57.2 57.5 59.2 57.2 58.9 59.0 
5 59.6 58.1 58.7 58.1 58.4 60.6 57.5 59.5 60.4 
6 60.2 57.8 59.6 59.0 58.9 58.6 59.6 60.8 60.1 
7 58.3 59.3 60.4 59.3 59.2 62.1 58.8 61.0 60.8 
8 59.5 58.7 59.6 60.2 59.0 61.4 59.1 59.0 61.0 
9 59.4 59.7 59.0 60.0 59.1 61.9 60.1 60.9 60.6 
10 58.3 59.9 60.4 59.6 58.7 61.9 59.5 63.8 61.0 
11 58.9 60.9 59.8 60.3 60.1 63.3 60.5 61.1 62.4 
12 60.1 61. 7 61. 9 59.7 61.3 63.6 60.6 62.1 63.6 
13 61. 6 61. 8 63.9 59.6 61.8 64.6 60.2 62.4 64.1 
Overall 1 58.1 57.9 58.5 58.4 . 58.1 60.2 58.4 59.7 59.8 
1overall - based upon cumulative data for all periods. 
· TABLE :XXXD 
ANALYSIS OF ·VARIAllCE OP EGG WEIGHT DATA BY 
PERIODS AND. OVERALL, STUDr 1, TRIAL III 
_Period number 
d.f.:1: 
l 2 3 4 5 li 7 B 9 10 11 12. 13 overall 
Source of·variation Mean squares 
Total d.f.2 (96) (96) (97) (96) (95) (93) (92) (89) . (89) (88) (86) (86) (85) (85) 
'Blocks 10 114 119 158 94 675 337 7Ji.1 1298 lli-62 901 2230 3098 2558 100 
Energy: (E) (2) 
~ (Linear) 1 3 5 2 Ji.5* Ji.Ji.a* l 99 3 194 z,6* 94 7ll 456 23 
~ (Quadratic) l 11 2 n 0 39 156 76 56 8 3 2Ji.1 299 238 10 
Protein: (P) (2) 
PL 1 
* 
36 63* 26 2 1~ 139 32 21 142 153 Ji.2 19 658 11 
PQ l 0 0 12 5 90 0 0 321 117 12 Zl 5 Ji.73 l 
Energy-protein 
interaction (4) 
_Ex, x PL 1 .3 3 1 32 52Ji.* 6 86 .755* 6Ji. 1Ji.2 263 59 878 0 
~ x PL 1 0 7 0 0 8 U!O 13 23 12Ji. . 38 0 526 9 0 
~xPQ l 0 11 11 Ji. 26o 17 fir- 8 7 9 19 80 58 0 
EQ x PQ 1 5'* 21 34 22 67 26 285 157 .28 0 0 Ji.a 141 5 
Error 7 12 14 11 77 61 93 lZl 13"- "-7. 185_ 262 li-09 12 
. 2 
Error d.f. 78 78 79 78 77 75 7"- '71 71 70 68 68 fir -fir 
---
1d. f. - the dl:!gr-ees of freedom for blocks and f'or treatments are· the same f'Cll'. each period analysis BDil the overall 
analysis. 
~otal d.f. and error d;f; - mortality may.change the degrees of' freedom fiom period to period. 'fhe total d.f'~ are 
listed above the mean squares for each period and the err~ d_.f'. are listed below.the memi squares f'or _each period. 
*Significant at the·5 percent level. 




AVERAGE BODY WEIGHT GAIN OR LOSS BY PERIODS AND OVERALL1, 
STUDY l, TRIAL III . . .. 
Diet number 3 5 7 12 15 18 23 25, 27 
Period number Gfams body'weight gain or loss 
l -108 - 25 + 23 - 89 - 62 + 36 - 85 + 74 +142 
2 + 20 + 35 + 24 + 15 +120 +105 - 43 + 25 - 1 
3 - 45 + 2 - 16 - 39 + 30 + 16 - 86 0 + 92 
4 - 92 - 4 + 36 - 5 + 3 + 22 -142· - 57 - 5 
5 + 79 + 35 + 8 - 36 + 26 + 11 + 42 + 99 - 10 
6 - 96 - 11 + 57 - 85 - 21 + 1 - 78 - 68 - 5 
7 + 58 - 52 - 1 + .52 - 9 - 65 + 3 - 4 - 36 
8 + 18 + 62 + 42 + 35 - 39 + 15 - 30 +161 + 9 
9 - 22 - 28 + 21 - 85 +107 + 11 + 28 -110 + 29 
10 + 6 + 28 + 25 - 14 + 43 + 30 + 38 + 18 + 32 
11 + 62 + 24 + 30 +103 + 29. + 75 + 16 + 28 + 35 
12 + 21 - 3 - 38 - 52 - 39 - 85 - 19 - 43 + 10 
13 - 38 + 25 + 40 + 23 + 17 + 9 - 25 - 23 + 20 
' 
Overanl -157 + 79 +251 -188 +209 +180 - 20 +110 +305 
l0verall - based upon. cumulative data for all periods. 
T.mLE XD.-VI 
.AN~IS OF VARIANCE OF BODY wEIGRI' GAIN OR LOSS DATA 
BY PERIODS AND OVERALL, STUDY l. • TRIAL III 
Period number 
---------
1 2 3 ]j'. 5 b 7 s 9 10 11 12 13 overall 
Source of variation d.f.I Mean sq~es ; 100 
. 2· 
Total d.f. (96) (96) (97) (96) (95} (93} (92) (89) (89) (88) (86) (86) (85) (85} 
'Blocks l.O l.378 1o65 38Ji 202 944 1421 1288 2356 1.290 1696 465 857 624 20 
. Energy: (E) (2) 
EL (Li~ear) 427~- 338 - 152!* ·- 109· - - 367* ** l 1322 1689 879 9 83 14 53 182 297 
~ (Auadratic} l 7 324 111 3!i.. 269 5 141 5 171 45 150 2 ·o 22* 
Protein: {P} (2) 
~....,. ....... 
** PL l 919 180 62 379* 0 184 12 54 _l.23 9 17 26 51 1 
** 24 ** '268* * PQ 1 390 _ 1119 540 359 0 2 130 27 31. 443 51 0 
Energy-protein 
interaction (4) -E xP 1 228 29 578 2 10 lli-0 l 0 56 l 17 236 25 8 L L 
269 -~xPL 1 55 98 0 27 126 l 155 810 6 40 35 37 6 
~ X PQ 1 258 97 Ii- 313* 101. 0 l.87 4ol 763 6_5 118 13 68 6 
' 
EQ x PQ 1 7 84 i63 475* 
·* 
113 932 l 165 188 6 19 110 230 6 
* 
E=or 118 121 29 67 1~ 136 75 129 8o 103 61 66 140 3 
Error d.f. 2 78 78 79 78 77 75 71i- 71 71 10 68 68 67 67 
1 . ' . . 
d.f. - the degrees of freedom :f'or blocks and for treatments are the same ·:ror each period analysis and the overall 
analysis. 
2.rota1 d.:f'. · and error d.f. - mortality may change the degrees or freedom :from per:l.od to period. The total d.f'. are 
listed above the mean squares for each period and the error d.:f'. are listed below the mean squares for each period • 
.. 
*Significant at the 5 percent.level.. 
**Significant at the l percent level. 00 
N 
TABLE XXXVII 
AVERAGE DAILY FEED tONSUMPTION PER HEN, BY PERIODS 
AND OVERALL, STUDY 1, TRIAL III 
Diet number 3 5 7 12 15 18 23 
Period number Total grams of diet 
1 125.0 116.8 115.2 135.6 119. 6 124.2 131.1 
2 162.5 U9.2 120.2 170.1 136.6 141.7 164.4 
3 159.8 140.4 130.5 167.4 135.8 135.0 161. 9 
4 152.3 136.1 126.6 157. 7 138.0 136.3 129.0 .. 
5 156.2 141.3 121.8 164.4 134.3 · 133.4 157.3 
6 147. 2 140.3 116. 6 158.2 Ul.4 119.2 122.6 .. 
7 147.1 124.3 118.3 158.7 121. 7 12().0 154.9 
8 141.9 120.7 115.0 147.2 116. 5 117.0 165.1 
9 143.0 120.2 109.0 152.3 124.5 115.9 160.5 
10 146.6 121.7 104.0 153.7 124.5 126.1 164~2 
11 148.7 127.9 109.2 164.6 131. 8 125.9 162.8 
12 145.2 131. 5 122.2 155.0 1~1.9 110. 6 159.9 
13 128.6 133.0 121.4 154.4 138.1 145.7 164.5 
. - .. 
Overa111 146.8 129.7 117. 7 156.9 127.9 127.0 156.1 















139.5 117. 7 
143.2 118.4 
TABLE XXXVIII 
ANALYSIS OF VARIANCE OF DAILY FEED CONSUMPTION DATA 
BY PERIODS AND OVERALL, STUDY 1, TRIAL III 
Period number 1 2 3 lj: 5 b 7 s 2 10 '11 12 13 overall 
Source of variation d.f.z Mean squares 
.Total d.:r. 2 (96} (96} (97) (96} (95} (93) (92) (89) (89) (88) (86) (86) (85) {85) 
Blocks 10 5673 4575 2858 4832 3051 4321 3418 7679 6088 8997 4470 20511 8903 3935 
Energy: (E} (2) 
Er_ (Linear} - - ** - - - r - - - ** - ** 1 3318 23753 17973 5090 17380 28o42 2273 18037 19829 23032 24072 5188 5745 14130 
EQ (Quadratic) 1 2 1413* 291 111 6 503 290 1006 761 637 457 432 * 1913 77 
p 
Protein: (P) (2) 
PL 1 5o4 775 78 3o6 494 2719* 398? 26o9" 
* * -739 79 1899 · 86o5 2557 14o4 
PQ 1 514 1623* 38 1662* 91 1147 4 727 24 381 691 3978 2999 28 
Energy-protein 
interaction (4} 
· EL x PL 1 372 23 248 891 * 1236* .· 2058* 3654* 0 1971 285 863 351 811 299 -EQ x PL 1 30 13 128 0 599 3518 34 29 8 322 668 12 1085 219 
685 1833* 456 * EL x PQ 1 393 73 410 1601 54 27 241 98 6o1 789 79 
** - ** * - 1855* 283~ 2169* 1119* * -~ x PQ 1 1710 3654 1460 166o 1541 1578 173 6030 696 840 
Error 209 270 2o4 272. 216 394 290 546 48o 409 256 1337 813 98 
Error d.f. 2 78 78 79 78 77 15 74 71 71 70 68 68 67 67 
-
ld.f. - the degrees of freedom for blocks and for treatments are the same :for each period analysis and the overai1.· · 
' ' 
analysis. 
2Total d.:r. ·and error d.f. - mortality may change the degr~es of freedom from period to period. The total d.f. are 
listed above the mean squares for ea.ch period and the error d.f. are listed below the mean squares for each period. 
*Significant at the 5 percent·1evel. 
00 
**Significant at the 1 percent level; po 
85 
consumption leveled off after the fifth period and was fairly constant until 
the end of the trial. It could be assumed that these periods of increases 
and decreases in feed consumption would be correlated with egg production. 
However, in this trial this was not the case. Comparisons of egg production 
data (Table XXXI) with feed consumption data show that egg production was 
highest during Period 1 of the experiment while feed consumption was lowest 
during this same period. There was a gradual decline in egg production af-
ter Period 1, but feed consumption remained high for the next 4 consecutive 
experimental periods. During Period 1, while egg productio~ was high and 
feed consumption was low, the hens were either losing body weight or just 
barely holding their own. The one exception was Diet 27, where the hens 
gained body weight. While feed consumption was highest during Period 2, 
most of the hens gained body weight and egg production decreased belo~ the 
level of Period 1. After Period 2 there were no obvious correlations be-
tween feed consumption and body weight change. The overall feed consumption 
per hen was generally higher than the desired intake levels (Table XXXVII). 
However, the extremely high feed consumption per hen during Periods 2 through 
5 was largely responsible for tqe high average overall feed consumption 
per hen. 
An analysis of variance was also applied to the feed consumption data 
(Table XXXVIII). Although this analysis has little meaning in the interpre-
tation of performance data, .it was made in order to check the expected dif-
ferences in feed consumption among hens fed the various experimental diets. 
The final adjusted weight of the experimental basals (Table XXV) generally 
increased as both protein and energy were increased. Therefore, a linear 
decrease in feed consumption per hen could be expected as protein and ener-
gy levels of the diet were increased. Both dietary protein and energy had 
86 
significant (P>0.01) linear ~ffects upon feed consumption. There was a sig-
nificant energy quadratic x protein quadratic interaction effect upon. feed 
consumption that was probably caused by Basal E, which was heavier than 
either Basal B or H. This resulted in a quadratic pattern for the weights 
of the three protein levels that were combined with 300 Calories of energy. 
Basal F was also heavier than either Basal C or I, which gave a quadratic 
curve for the three protein levels combined with 350 Calories. of energy. 
Table XXXIX contains a summary of the average daily volume of feed con-
sumed per hen. The average daily volume of feed consumed per hen was gener-
ally higher in Study 1 of Trial III than in Trial II. This may have been 
due partly to a difference in the age at which hens were placed on the ex-
perimental diets. The hens in Study 1 were much younger and were laying 
at a higher rate than the hens in Trial II; therefore, they would probably 
consume more feed. The fact that th~ hens were allowed to beceme accustomed 
to the experimental diets before volume was increased may have contributed 
to the high volunie of feed consumed per hen in Study 1. 
Average daily consumption of metabolizable,energy per hen is shown in 
Table XL. These data reflect the ability of laying hens to compensat~ for 
inadequate dietary energy. The hens were able to consume approximately 300 
Calories of energy when fed 250-Calorie. diets, even though volume was ex-
tremely high. Ap:eroximately '.330 Calories were consumed by hens fed 300-
Calorie diets, while the 350-Calorie diets w,re consumed at approximately 
the desired intake level. Efficiency of utilization of metabolizable ener-
gy (Table XLI), expressed as Calories of energy per gram of egg, did not 
follow a linear pattern with the three dietary energy levels. Rens that 
consumed 300 Calories per day utilized. energy more ,efficiently than did 
hens that consumed 350 Calories. The most efficient utilization o.ccured 
TABLE XXXIX 
AVERAGE DAILY VOLUME OF FEED CONSUMPTION PER HEN, 
BY PERIODS AND OVERALL!, STUDY 1, TRIAL III 
Diet number 3 5 7 12 
. ' 
15 18 23 
Period number Milliliters of feed actually consumed 
1 300 257 242 325 263 261 302 
2 406 271 228 425 301 283 427 
3 399 309 274 419 299 283 421 
4 457 327 253 473 345 300 400 
5 469 339 244 493 336 293 488 
6 442 337 233 475 278 262 515 
7 441 298 237 476 304 264 480 
8 426 290 230 442 291 257 512 
9 429 288 218 457 311 255 498 
10 440 292 208 461 311 277 509 
11 446 307 218 494 329 277 505 
12 436 316 244 465 330 243 496 
13 386 3.1.9 243 463 345 321 510 
Ov.era111 420 304 236 451 311 275 460 


















AVERAGE DAILY CONSUMPTION OF METABOLIZABLE ENERGY PER REN, 
BY PERIODS AND OVERALL!, STUDY 1, TRIAL III 
" .. 
Diet number 3 12 . 
. 
23 ·s · ..•. 1-5. 25 .7 ' 18. 
100 ., I 350 
88 
· 27 ,. 
Des~red comsumetion ~Cal.) 259 · 
Period number · · '1 · · Calories ··of energy actualli consumed 
1 296 318 313 311 .. 317 352 334 ', 354 311 
2 375 384 361 353 362 400 363 409 347 
3 369 378 3_55 373 360 388 379 385 363 
4 287 291 -233 342 333 344 3s·o 381 354 
~ 
5 295 303 284 355 _325 361 366 373 358 
6 278 292 ·299 353 269 338 351 , 333 311 
7 278 29-3 279 313 294 350 356 336 308 
8 268 272 298 30.4 282 337 346 327 323 
" 
9 270 28i. 289 302 301 331 328 324 342 
10 276 · 283 296 306 301 344 313 353 311 
11 281 304 293 322 318 335 3?8 352 325 
12 274 286 288 331 319 331 267 309 480 
.~ 13 243 285 297 335 334 ·331 36.5 408 341 
Over~lll 
,. 
294 306 300 331 316 349 352 347 344 
l0verall - base_d upon cumulative data for all periods. 
TABLE XLI 
EFFICIENCY OF UTILIZATION OF ME;TABOLIEABLE ENERGY, 
BY PERIODS AND OVERALL!, STUDY·l, TRIAL III 
Diet number 3 5 7 12 15 18 23 
Period number Calories of metabolizable energy per ,, 
1 7.4 7.5 8.6 7.4 7.6 7.9 7 .4 
2 9.1 8.7 10.2 9.3 8.8 : 9.5 8.9 
3 9.2 8.4 8.5 8.5 8.8 8.7 8.1 
4 7. '!) 8.4 9. 0, 7.6 8.0 9.1 13.6 
5 9.0 8.2 8.8 7.6 8.2 8.7 13.7 
6 8.4 9.9 8.9 8.1 7.6 8.7 8.7 
7 8.5 7.7 8.2 8.4 7.7 8.1 11. 3 
8 7.9 8.0 ,9.1 6.6 7.4 8.5 8.6 
9 8.4 8.l 9~7 7.5 7.8 8.7 8.4 ,, 
10 9.9 8.8 9.6 9.1 7.7 10.2 8.6 
'1 
11 10.4 9.8 9.9 11.4 8.2 9. 5; 9.4 
12 15.1 9.7 10.7 9.9 8.0 9.2 13.0 
' 
13 18.7 11.0 11.6 13.7 8.4 13.1 12.7 
Overall 1 9.2 8.7 9.3 8.5 8.0 9.1 9.6 
10verall - bas.ed upon cumulative data for all periods. 
89 
25 27 
gram of ·egg 















when the hens consumed 330 Calories per day. This quadratic effect of en• 
ergy consumption upon energr efficiency was significant in 5 of the 13 ex-
perimental p.eriod anal:rses and in the overall analysis (Table XLII). There 
was also a significant quadratic effect of protein consumption upon the 
efficiency of energy utilization. Energy was utilized most efficiently 
by hens that were fed Diets 12, _15 and' 18, all of which contained 16 gr;ams 
of protein. Energy was utilized less efficiently by hens fed the 13- and 
19-gram-protein diets.than by hens fed the 16-gram-protein diets. 
Average daily protein consumption per hen (Table XLIII) for the de-
sir~d protein intake levels of 13, 16and 19 grams was approximately 14, 
18 and 20 grams per day, respectively. The desired protein intake was 
achieved only when hens were fed 350-Calorie diets. Within each group- of 
diets in which a specific protein intake was calculated, protein intake 
increased as the dietary energy intake level was decreased. This was par-
ticularly noticeable when hens were fed Diets 23, 25 and 27 that had been 
~opnulated to supply 19 grams of protein and 250,300 and 350 Calories of 
~~tabolizable energy, respectively. The actual protein consumptions per 
hen for the 250, 300 and 350 Calori,e diets were 22.91, 20.36 and 18.74 
grams, respectively. 
Protein was utilized most efficiently by the hens that were fed diets 
that contain.ed 13 grams of J>rotein (Table XLIV). The linear ef feet of 
dietary protein upon protein efficiency was significant at the 1 percent 
level of probability (Table XLV). Both the linear and quadratic effects 
of energy intake upon protein utilization were significant. 
TABLE XLII 
ANALYSIS OF VARIANCE OF THE ERERGY EFFICIENCY DATA 
BY PERIODS AND OVERALL, STUDY l, -TRIAL Ill 
Period number 
d.f'.l 
l 2 3 4 ~ 6 ·. 7 - 8 2 10 ll l2 13 overa11 · 
Source of' variation Mean squares 
Total d.f' .2 (96) (96) (97) (96) (95) (93) (92) (89) (89) (88) (86) (86) (85) (85) 
Blocks 10 o.42 0.67 0.32 o.43 .o.6o o.31i. o.li-7 3.64 1.48 l.34 0.83 Lli-6 1.43 0;15 
Energy-: -(E) (2} 
Er, (Linear} l 0.03 0.05 0.03 0.05 - 0.16 0.05 0.13 o.2£? 0.69* 0.00 0.07 0.21 0.38 0.01 
~ (Quadratic} - * * - - -l 0.03 0.07 O.Ol o.4o 0.27 0.00 0.57 o.oo 0.23 0.34 0.35 1.79 1.65 0.20 
Protein: (P} (2} 
.:;* 
Q.16 PL l 0.00 O.Ol o.oo 0.30 * o.o6 _0.51 _0.25 0.00 o.68* o.45 o.08 0.39 o.oo 
PQ l o.oo o.oo o.oo 
* . * 
0.22 o.4o 0.14 0.15 2.33* 0.21 o.o6 o.oo 0.91* 0.17 0.09* 
EnerS7-protein 
interaction (4} 
0.18* 0.02 0.2!* -o.41i-* o.oo Er, x PL l l.41 0.05 0.07 0.02 o.o6 0.03 0.07 0.07 O.Ol --
F.cl X PL l o.o4 o.oo 0.02 -o.o4 0.03 0;19 0.01 O.li-l - O.Ol. 0.10 0.18 0.03 0.14 o.oo. 
Er, x PQ .1 o.o4 o.o6 o.oo . 1.28* o.r;I: 0.02_ o.18 o.oo 0.01 o.oo - o.18 0.19 0.00 0.02-
F-Q x PQ l * 0.20 0.02 O.Ol 0.02 o.oo 0.01 0.16 0.85 0.],2 0.29 · 0.00 o.18 0.25 o.oo 
-··-·--·-·--
Error o.o4 o.o4 0.03 o.o4 o.o6 0.12 0.11 o.45 0.15 0.17 0.14 0.18 0.17 0.02 
Error d.f.2 78 78 79 _ ,78 77 75 - 74- 71 71. 70 68 68 67 67 
· 1d.f'. -- the de~ees of' :freedom f'or blocks and :ror ~eatment -are the same :tor each period analysis and the overall 
analysis. 
~l d.f'. ~ error d.f'. - mortaiity may change the" degrees. of' freedom f'rom period to period. The total d.f'. ere 
listed above the mean squares f'or each period and the..error d.f'. are listed below the mean- squares f'or each period. 
*Signif'icant at the 5 percent level. 
**Significant at the l per~t level. '° 1--' 
TABLE XLIII 
AVERAGE D~ILY CONSUMPTION OF PROTEIN PER HEN, BY 
PERIODS AND OVERALLl, STUDY 1, TRIAL III 
Diet number· 3 5 7 -~~ 12 15 18 .. 23. 25 
Desired consumptio~ tS!!!•} 13 16 19 
Peri~• number Grams of protein actually consumed. ·· 
1 15.50 13.55 12.44 20.34 16.87 16.27 23.34 22.30 
2 19.66 15.38 13.46 24.66 19~Z6 18.70 26.95 26.42 
3 19.33 16.28 14.09 24.27 19.15 17.68 26.55 24 •. 64 
4 14.93 14.84 14.18 18.61 17.80 17.58 17.93 19.27 
5 15.30 15.40 13.64 19.40 17.33 17.21 21.87 20.24 
6 14.43 15~29 13.06 18.67 14,37 15.38 23.07 18.93 
7 14.42 13.55 13.25 18. 73 15.70 15.48 21.53 19.59 
8 13.90 13.16 12.88 17.37 15.03 15.09 22.95 18.85 
9 14.01 13.10 12.20 17.97 16.06 14.95 22.31 18.52 
10 14.37 13.26 u. 65 18.13 16.06 16.27 22.82 19.25 
11 14.58 13.94 12.23 19.43 17.00 16.24 22.62 18.78 
12 14.23 14.34 13.69 18.29 17.02 14.26 22.22 18.54 
13 12. 60 14.50 13.60 18.21 17.82 18.79 22.87 18.55 
Overall1 15.31 14.38 13.10 19.58 16.87 16.45 22.91 20.36 


















EFFICIENCY OF UTILIZATION OF.PROTEIN BY PERIODS 
.. AND OVER.AI.Li, STTJDY 1, . TRIAL III 
Diet number·3 5 7 12 15 18 23 
Period number , Grams of protein per gram of egg 
1 0.39 (),33 0.32 0.47 0.41 0.36 0.55 
2 0.48 0.38 0.38 0.60 0.47 0.44 0.66 
3 0.48 0.37 Q.32 0.55 0.47 0.40 0.60 
4 0.41 0.36 0.33 0.49 0.43 0.42 1. 05 
5 0.4? 0.35 0.33 0.48 0.44 0.40 1.05 
6 0.44 0.43 0.33 0.52 0.40 0.40 0.67 
7 0.44 0.33 0.30 0.53 0.41 0.37 0.87 
8 0.41 0.35 0.34 0.42 0.40 0.39 0.66 
9 0.44 0.35 0.36 0.48 0.42 0.40 0.65 
10 0.51 0.38 0.36 0.58 0.41 0.47 0.66 
11 0.54 0.42 0.37 o. 73 0.44 0.44 o. 72 
12 0.79 0.42 0.40 0.6,3 0.43 0.43 1.00 
13 0.97 0.48 0.43 0.87 0.45 0.61 0.98 
Overall 1 0.48 0.38 0.35 0.54 0.43 0.42 0.73 



















ANALYSIS OF VARIANCE OF THE PROTEIN EFFICIENCY DATA 
BY PERIODS AND OVERALL, STUDY l, TRIAL III 
Perioa number- --- i 2 3 4 5 b 7 a .9 lO 11 - - -12 13 overall 
Source of variation d.f.! Mean s9.uares 
Total d.f. 2 (96) (96) (97) (96) (95) (93) (92) (89) (89) (88) (86) (86) (85) (85) 
Blocks 10 0.96 2.38 l.37 1.46 1.68 2.15 l.14 2.13 5.86 5.71 3.74 7.10 6.36 l.51 
Energy: (E) (2) 
8.1!* 4.7~ - - - 5.83 11.3!* 5.8~ - 8.97 - 5.ot* EL (Linear) l 7.10 8.61 10.92 0.59 1.26 7.10 8.57 -y ** ** 2.74* ** 7.4? 1.42· EQ (Quadratic) l 0.02 0.29 0.10 2.32 l.85 0.22 3.20 0.98 2.10 2.47 7.69 
Protein: (P) (2) 
** 8.4~ 11.~ 14.o;*· 12.3~ ** 18.5'* 1.1t* * 6.5~ PL l ll.95 5.79 0.13 l.52 l.19 2.90 0.65 
* 0.14 0.18 PQ l 0.77 0.01 0.05 0.00 0.03 o.oo 0.91 0.19 0.91 o.u 1.95 0.01 
Energy~protein 
interaction (If.) 
** ** EL x PL l 0.15 o.oo l.97 l.89 0.19 0.26 0.13 0.75 0.19 o.o6 o.oo 0.98 0.78 0.02 
~ x PL l 0.21 0.10 o.08 0.20 0.09 - l.14 0.03 o.o6 0.06 0.38 0.72 O.ll o.49 0.03 
o.4o r3.5? ** o.42 0.85 0.78 0.06 0.61 ~ x PQ l 0.19 0.00 2.95 0.17 0.09 0.01 0,13 
~ X PQ l 0.69* 0.16 0.01 0.31 0;05 o.41 1.08 o.84 l.17 0.53 0.09 l.14 0.54 0.03 
0.15 0.18 0.10 O.ll 0.20 0.52 0.37 0.70 o.64 o.68 0.62 0.69 0.67 0.28 Error 
Error d. f. 2 
78 78 79 78 77 75 74 71 7l 70 68 68 67 67 
--
l . . 
d.f. - the degrees of freedom for blocks and for.treatment are the same for each_period analysis and the overall 
analysis. 
2.rotal d. f. and error d. f. - mortality may change the degrees of freedom from period to period. The total d.f. are 
listed above the mean squares for each period and the error d.f; are listed below the mea.J:! squares for each period. 
*Significant at the•5 percent level. 
-\0 
**Significant at the 1 percent level. 
.p,. 
TABLE XLVI 
FACTORIAL DESIGN, STUDY 21, TRIAL III, THE EFFECTS OF PROTEIN AND 
VITAMIN-MINERAL CONCENTRATE CONSUMPTION, WITH 250 CALORIES 















Desired daily vitamin-mineral 















lstudy 2 - All experimental diets in this study were calculated to 
supply 250 _Calories of metabolizable energy per· hen per day. 





Livability of laying hens was high throughout Study 2. The highest 
mortality occurred among hens that were fed Diets 3 and 23 (Table XLVII). 
However, the.se same hens and diets were included in Study 1 (see experimen-
tal design, Table XXII). There was more mortality among these hens in Study 
1 than among those hens that were fed the other diets in this study. This 
was taken to mean that treatme~t had no effect upon mortality in either 
Study 1 or Study 2. Overall egg production in Study 2 varied from a low 
of 51.1 percent to a high of 64.1 percent (Table XLVIII). There were no 
significant effects of vitamin-mineral concentrate consumption upon egg 
production. However, the linear protein effects upon egg production were 
significant at the 1 percent level of probability in Periods 4, 5, 6, 12 
and overall, but in Period 7 they were significant only at the 5 percent 
level (Table XLIX). Hens fed diets that contained 13 grams of protein pro-
duced more eggs than hens fed 16 grams of protein,~nd hens fed 16 grams of 
protein produced more eggs than hens fed 19 grams of protein. Vitamin x 
protein interactions were significant in some of the period analyses, but 
these interac.tions were not significant in the ove1:all analysis. 
. - . . 
The average egg weight for all diets was 58.6 grams (Table L). There 
were significant differences in egg weight for only three experimental per-
iods among hens that were fed the experimental diets. Data in Table LI 
show the analysis of variance of egg weight dat.a . .for S,tudy 2.. Significant 
vitamin-linear x protein-quadratic interaction occurred inPeriods 1, 3, 6, 
8, and 9. However, this interaction was not evident in the overall analysis. 
Body-weight-change was not affected by the intake of dietary vitamin-
TABLE XLVII 
NUMBER OF HENS PER TREATMENT AT THE END OF EACH 
TWENTY-EIGHT-.DAY PERIOD, STUDY 2, 'rRIAL III 
Diet number 1 2 3 10 11 12 21 
Period number . Number of heas 
1 11 11 11 11 11 11 11 
2 11 10 11 11 10 11 11 
3 11 11 11 10 10 11 11 
4 11 10 ' 11 10 10 11 11 
5 11 11 11 11 10 11 11 
6 11 11 9 11 10 11 11 
7 11 11 9 11 10 11 11 
8 11 U) 9 11 10 11 11 
9 11 10 9 11 .10 11 11 
10 11 10 9 11 10 10 11 
11 11 10 9 11 10 10 11 
12 11 10 9 11 10 10 11 


















AVERAGE EGG;. PRODUCTION, ,.PJm: 'liE'N', . BY PERIODS AND OVERALL!, 
. STUDY 2,,'..1~IAL .III ·.: Y. !., .,:!.f 
Diet number 1 2 3 10 . 11 12 21 22 23 
Period.number Percent egg production 
1 74.0 76.0 72.4 71.8 71.4 79.2 85.1 77.9 76.0 
2 76.6 69.2 74.0 77. 9 75.9 74.4 78.2 70.1 71.1 
3 77. 9 70.S 69.5 70.5 71.4 75.3 77.6 73.7 76.0 
4 64.3 59.1 63.6 58.4 .52 ... 1 66.9 30.5 41 •. 9 29.9 
s 66.2 56.5 55.2 63.6 54.3 69.2 18.8 51.9 36.1 
6 66,6 59.7 54.8 56.8 S9.3 60.7 42.2 44.2 57.9 
7 62.7 62.7 56.0 57.1 55.0 59.1 57,5 50.3 42.1 
8 66.9 69.6 56.7 53.6 53.9 68.5 69.5 65.6 58.5 
9 62.7 70.4 54.0 54.2 56.8 62.3 61.4 65.6 57.1 
10 47.7 60.0 48.0 61 • .] 47.1 52.1 51.6 53.6 58.0 
. ~. ' 
11 50.0 58.2 45.6 57.1 50.4 44.3 33.8 49.0 51.8 
12 57.5 57.9 30.2 43.2 44.3 48.6 24.0 41.9 36.6 
13 54.5 62.5 21.0 32.1 30.7 35.0 33.8 38.0 38.8 
----
Overaul 63.7 64.1 54.9 58.3 55.7 61.6 51.1 55.7 53.8 
. I 
l0verall - based upon cumulative data for all periods. 
TA'.BLE XI.IX 
ANALYSIS OF VARIANCE OF .EGG PRODUCTION DATA 
IIY PERIODS AND OVERALL, STUDY 2, TRIAL III. 
Period number 1 2 3 Ii ~ l', 7 B 9 10 11 12 l} overall 
Source of variation d.f.l Mean squares 
Total d.f. (98) (97) (97) (97)' (96) (94) (93) (91) (91) (90) (90) (90) (90} (90) 
II locks 10 175 242 159 319 162 313 157 185 169 266 687 367 235 14402 
Vitamins: (V) (2) 
VL (Linear) 1 2 25 4 9 24 7 45 1 0 1 0 8 8o 193 
VQ (Quadratic) 1 3 33 10 3 10 8 0 
• 0 38 0 47 102 103 944 
Protein: (P) (2) 
101l* - - * - -PL l 38 0 13 '.715 213 123 l 1 3 79 294 144 13677 
* * 




* ** * VL x PL l 12 .4 10 0 146 14 0 5 2 69 313 252 4307 
VQ x PL 4 44 * 26 56 * l 15 1 0 0 0 10 57 121 202 4384 
* 
VL x PQ 1 35 1 22 12 127 10 24 84 20 38 92 6 81 247 
154 - 86* · . L VQ x PQ l 13 0 7 299 4 22 35 12 19 51 9 2062 
Error 18 11 10 40 38 26 29 19 19 28 25 39 44 1331 
Error d.f. 2 8o 79 79 79 78 76 75 73 73 72 / 72 72 72 72 
---
l . . . . 
··d.f. - the degrees of freedom for blocks and for treatmen.ts are the same for each period analysis and. the overall 
analysis. 
~otal d.f. and error d.f. - ~rtality may change.the depees of i'reedom from period to period. The total d.f. are 
listed above· the mean squares for each period and the error d.f. are listed below the mean. squares for each period. 
*Significant at the·5 percent level. 




AVERAGE EGG WEIGHT BY PERIODS AND OVERALLl, 
STUDY 2, TRIAt III 
l 2 3 10 11 12 21 
Period number Egg·weight in grams 
l 55.6 53.7 55.2 53.9 54.8 54.4 56.6 
2 57.0 55.2 55.7 ss.s 56.8 55.4 58.3 
3 58.8 56.4 57.4 56.9 57.6 59.l 57.7 
4 58.4 57.6 57.4 56.5 57.6 57.2 58.0 
5 60.9 57.9 59.6 58.1 58.7 58.l 59.3 
6 61. 7 60.0 60.2 59.0 59.3 59.0 61.5 
7 61. 7 59.6 58.3 58.9 59.9 59.3 60.0 
8 61.6 59.3 59.S 59.7 59.5 60.2 61.3 
9 61.4 58.1 59,4 59.4 60.3 60.0 60.8 
10 S9.7 59.1 58.3 58.9 59.l 59.6 59.7 
11 60.2 59.5 58.9 59.8 60.5 60.3 60.5 
1 
12 61.4 60.4 60.1 60.6 61.0 59.7 63.6 
13 63.8 60.2 61.6 62.4 61.0 59.6 65.l 
Overalll 60.l 58.0 58.1 58.l 58.6 58.4 59.7 


















ANALYSIS OF. VARIANCE OF :mG WEIGHT DATA 
BY PERIODS Am> OVERALL, STUDY 2, TRIAL III 
Period number . l 2 3 i -~ li 7 8 9 lO 11 12. 13 overa.11 
i;ource of variation d.f.:I: Mean sguares 
Total d.f.2 (98) (97) (97) (97) (96) (94) (93) (91) (91) (90). (90) (90) (90) (90) 
Blocks 10 89 103 328 733 921 1209 1158 1129 642 1021 2007 4534 3967 71 
'-
Vitamins: (V) (2) 
VL (Linear} l 1 ll 77 14 242 4 41 7 127 7 178 71 334 6 
; 
VQ (Quadratic) l 22 ll l 39 .57 644* 2 68 5 86 39 572 9 8 
Protein: (P) (2) 
PL l l l.6 ·o 2 2347* 138 21 35 l 250 13 769 62 l 
PQ l 12 9 48 28 · 1050 l 153 219 * 333 58 100 498 171 4 
V1ta!14n'"1)rotein 
(4) interaction 
.'VL X PL l l ' 0 9 2 254 0 ll 98 l 6 79 593 2148* 4 
VQ x PL· l 13 ll 55 308* 1203 152 r:,1+6* 16 187 85 175 185 510 8 
VL x PQ .l 32* 31 20'1* 139 31 713* 61 97,:. 63r . 2; 566 158 858 20 
VQ x PQ l 7 15 32 .64 190 167 0 lll 48 3 56 0 6 0 
Error 8 12 46 76 367 150 l25 118 82 85 205 4o4 · 454 9 
Error d. f. 2 · 8o 79 7.9 79 78 76 75 73 73 72 72 72 .72 72 
-.--
i ' . . . 
d.f. - the degrees of 11reeii.om for blocks and for treatments are the same tor-each period 1111alysis aDd the overall 
analysi11.· 
~tal d.f. _and error d.1\. - mortality may change the degrees of :freedom from period to period. The total d.f. 
are listed· above the mean squares for each period and the error 4.f. are listed below_ the mean squares tor each period·. 
*Significant at the 5 percent level.· 





mineral concentrate (Table LII). 'The analyses of variance of body-weight~ 
change data (Table LIII) show that th.e l:f;near effects of protein upc>n body-
1 
weight-change were significant for some period 1analyses and the overall an-
alysis. There were also severa~ period analyses that gave ~ignificant mean 
squares for the quadratic effects of protein. However, these trends do not 
always go in the same direction. In Period 2, hens fed 19 grams of protein 
lost more weight than those fed .13 grams 0f protein; the opposite effect 
occurred in Period 8. Rens that were fed 16 grams of protein lost more 
weight in some periods than either of the other two groups, and in different 
periods hens fed 16 grams of protein gained more than either of ~he other 
groups. Thus, both the linear and quadratic effects were cancelled in the 
overall analysis. These changes in effects were probably responsible for 
the.significant vitamin-quadratic x protein-quadratic interaction that 
occurred in Periods 4, S, 7 and 9. 
There were no significant effects of vitamin-mineral concentrate con-
sumption upon total feed consumption among hens fed the various experimental 
diets (Tables LIV and LV). The linear effects of protein consumption upon 
total feed consum~tion were significant at the 1 percent level of probability. 
H~.ns that consumed the most protE:in. tended to consume the most feed. As die-
tary protein was increased, total feed consumption increased. However, this 
was a function of the experimental design, because as dietary protein was 
increased, total weight of the experimental diets increased. This same 
trend is shown in the average volume of feed consumption per hen (Table LVI). 
The average daily consumption of vitamin-mineral concentrate per hen 
(Table LVII) was generally .higher than the desired intake level. Neverthe-
less the primary objective of the nutrient-intake-control technique was rea-
lized because ·there were three distinct intake levels. The linear effects 
Diet number 
TABLE LII 
AVERAGE BODY WEIGHT GAIN OR LOSS BY PERIODS 
AND OVERALLl, STUDY 2, TRIAL.III. 
1 2 3· 10 11 12 21 
Period .. number Grams body wels!!,t gain·or loss 
1 ~ 80 -110 -108 -105 - 72 - 90 - 90 
2 + 25 + 10 + 20 + 24 + 18 + 15 = 48 
3 - 47 = 61 - 45 - 71 - 70 - 39 - 75 
4 - 57 -128 - 92 - 48 - 74 - 5 - 85 
5 + 55 + 83 + 79 + 8 + 63 - 36 + 69 
6 - 89 - 6.2 - 96 - 76 - 92 - 85 - 62 
7 + 53 + 21 + 58 + 8() - 26 + 51 + 60 
' 
8 - 3 + 27 + 18 + 2 +103 + 35 - 25 
9 - 73 - 61 - 22 - 16 - 55 - 85 - 51 
10 + 26 0 + 6 - 14 - 7 - 14 - 18 
11 + 67 + 89 + 62 + 53 + 63 +103 + 45 
12 + 10 + 14 + 21 = 59 + 10 - 52 + 18 
13 -44 - 25 - ·3.8 + 70 + 5 + .23 + 33 
Overall1 =155 =207 -157 -142 -140 .. 189 -230 
' 




- 58 - 85 
+ 15 - 43 
- 89 - 86 
- 66 -142 
~ 5 + 42 
- 85. - 78 
+131 + 3 
- 29 - 30 
- 78 + 28 
"1:-\. 
+ 10 + 38 
+ 49 + 16 
+ 6 - 19 
+ 29 ... 25 
=169 · -449 
TABLE LIII 
AHALYSIS OF VARIANCE OF BODY WEIGHT GAIN OR LOSS DATA 
BY PERIODS AND OVERALL, STUDY 2, TRIAL III 
Period number l 2 3 4 5 6 7 s 9 10 ll 12 13 overall 
Source of variation d.f. Mean s51.uares ~ 100 
·" 
Total d.f.2 (98) (97) (97) (97) (96) (94) (93) (91) (91) (90) (90) (90) (90) (90) 
Blocks 10 758 751 402 646 1315 1418 509 431 779 1005 919 598 439 15 
Vitamins: (V) (2) 
VL (Linear) .l l l 4 50 40 14 105 Bo 29_ 8 1,0 9 129 l 
VQ (Quadratic) l 37 49 40 45 20 l 10 176* 130 0 6 154 0 3 
Protein: {P) (2) 
78 ** ** 14 228 6 21a* 48 * 11* PL l 309 173 103 5 150 24 409 
PQ l 0 113 20 61t* 421* 4 70 ** 532 9 65 37 354 427* 3 
·Vitamin-protein 
interaction (4) 
VL x PL l 31 3 4 13 73 4 69 20 22 118 4 54 90 l 
VQ X PL l 78 29 0 10 38 64 11 76 0 22 65 108 63 0 
VL x PQ l 3 95 12 l 69 9 **· 519 138 146 4 53 73 84 l 
VQ x PQ l 38 109 24 65t* ** 613 10 83t° · 61 688 0 111 14 30 2 
Error 
46 31 13 77 62 6o 69 39 42 43 63 94 89 2 
. Error d. f. 2 
.Bo 79 79 79 78 76 75 73 73 72 72 72 72 72 
l 
d.f. - the degrees of freedom for blocks and for treatments are tbe same for each period analysis and the overall 
analysis. · 
.·2Total d.f. and error d.f. - mortality may change the degrees of freedom from period to period. The total d.f. are 
listed above the mean squares for each period and the error d.f. are listed below the mean squares for each period. . . 
*Significant at the 5 percent level. 
t,-' 
**Significant at the. l percent level. 
0 .p,. 
TABLE LIV 
AVERAGE DAILY FEED CONSUMPTION PER HEN, BY PERIODS 
AND OVERALLl, STUDY 2, TRIA'L III 
Di et numb e.r l 2 3 10 11 12 21 
Period number Total grams Of diet -·--· . 
1 126.8 109.8 125.0 128.7 133.1 135. 6 139.1 
2 155.9 157.2 162 .5 154.4 168.6 170.1 167.6 
3 158.7 151. 9 159.8 157.1 157.4 167.4 168.9 
Li 160. 5 139.7 152.3 147.6 154.2 157.7 142.3 
5 155.7 149.1 156.2 158.8 160.6 164.4 153.4 
6 155.9 145.4 147.2 147.7 153.5 158.2 176.8 
7 153.3 145.5 147 .1 154. 7 153.0 158.7 168.6 
8 139.0 143.2 141.9 142.8 140.4 147.2 147.5 
9 143.2 149.7 143.0 147.7 142.9 152.3 165.5 
10 146.9 147 .2 146.6 153.6 143.0 153 •. 7 157.9 
11 142.7 153.6 148.7 165.7 155.5 164.6 154.7 
12 154.9 156.4 145.2 154.2 160.1 155.0 156.3 
13 .157.8 161.1 12~.6 153.0 157.1 154.4 166.9 
Overaul 150.1 146.7 146.8 151.2 152.'l 156.9 158.9 




171. 8 164.4 













ANALYSIS OF VARIANCE OF DAILY FEED CONSUMPTION DATA 
BY PERIODS AND OVERALL, STUDY 2, TRIAL III 
Period number 1 2 3 lj: 5 b 7 8 9 Io 11 --12 - 13 ·overall 
Source of variation d.f. 'I: Mean squares 
Total d,f. 2 (98) (97) (97) (97) (96) (94) (93) (91) (91) (90) (90} (90) {90) (90) 
Blocks 10 3915. 38o6 2901 3767 5450 6773 3992 7487 5643 2953 5846 7143 7301 2066 
Vitamins: (v) (2)' 
VL (Linear) 1 13 665 34 235 194 142 362 1105 0 24 288 53 1266 11 
VQ (Quadratic) 1 764 266 25 138 1 997 87 210 8 465 253 1850 2112 7 
Protein: (P) · (2) 
PL 1 311r- 1451 2314* 4~ 338:t;* 257r- ** 2216* ** 5346* 
!Hf-
2551 351 5824 3039 1719 1858 
PQ 1 567 37 124 1563 574 549 3 541 lo47 166 951 37 342 21 
Vitamin-protein 
interaction (4) 
VL x PL 1 103 264 179 71 44 5 · 89 552 4 79 12 700 1670 50 
* 
VQ x PL 1 1175 337 93 1701 238 4!; ~ 179 619 347 755 4 465 14 
VL x PQ l 229 370 0 241 88 2294* 151 64 28 58 1003 11 530 37 
VQ x PQ 1 --3o6 362 1861 272 535 619 696 193 161 1 297 230 464 163 
Error 287 410 521 752 385 414 370 382 318 453 351 471 571 152 
Error d.f. 2 80 79 79 79 78 76 75 73 73 72 72 72 72 72 
1d.f. - the degrees of freedom for blocks and for treatments are the same for each period analysis and the overall 
analysis. 
~otal d.f. and error d.f. - mortality may change the degrees of freedom from period to period. The total d.f. 
are listed above the mean squares for each period and the error d.f. are listed below the mean squares for each period. 
*Significant at the 5 percent level. 
1--' 
0 
**Significant at the l percent level. a, 
TABLE LVI 
AVERAGE DAILY VOLUME OF FEED CONSUMPTION PER HEN, 
BY PERIODS AND OVERALL!, STUDY 2, .TRIAL III 
Diet number 1 2 3 10 11 12 21 
Period number Milliliters of feed actually consumed 
1 304 263 300 309 319 325 320 
2 390 393 406 386 421 425 436 
3 397 380 399 393 394 419 439 
4 481 419 457 443 462 473 441 
5 467 447 469 476 482 493 476 
6 468 436 442 443 461 475 548 
7 460 436 441 464 459 476 523 
8 417 430 426 428 421 442 457 
9 430 449 429 443 429 457 513 
10 441 442 440 461 429 461 489 
11 428 461 446 497 466 494 480 
12 465 469 436 462 480 465 485 
13 473 483 386 459 471 463 517 
Overa11 1 432 422 420 436 437 451 471 


















AVERAGE DAILY CONSUMPTION OF VITAMIN~MINERAL CONCENTRATE 
PER HEN, BY PERIODS AND OVERALLl., STUDY 2, TRIAL III 
108 
---·-
Diet' nun~berl. ~~O 2i . ~-1-1--·~·2··l. . 12 23 
Desired cons.~J_i_2JT ··- · 0:640 · · -· --i.T)~-
Period number Grams of vitamin-mineral concentrate actualjy consumed 
1 0.36, 0.365 0.394 0.944 1.135 1.123 1.794 1.927 1.850 
I 
2 0.435 0.423 0.436 1~319 1.386 1.341 2.273 2.330 2.140 
3 0.443 0.431 0.439 1.275 1.294 1.368 2.235 2.293 2.108 
4 0.260 0.232 0.216 0.673 0.647 0.649 1.223 1.238 0.969 
5 0.252 0.249 0.233 0.719 0.674 0.738 1.254 1.29,1 1.181 
6 0.253 0.232 0.269 0.701 0.645 0.707 1.182 1.242 1:~47 
7 0.248 ~.243 0.256 0.701 0.643 0.743 1.182 1.246 1.163 
s o~z25 0.224 0.224 o.690 o.s9o 0.681 1.139 1.156 1.240 
9 0.232 0.232 0 252 0.722 0.600 0.744 1.148 1.196 1.206 
10 0.238 0.241 0.240 0.710 0.601 · 0.704 1.177 1.206 1.233 
11 0.231 0 260 0.235 0.740 0.653 0.767 1.194 1.292 1.222 
12 0.251 0.242 0.238 0.754 0.673 0.776 1.166 1~217 1.201 
T3 o.256 o.240 o.254 o.776 o.660 o.790 L033 1.212 1.235 
Overa11 1 0.284 0.278 0.283 0.829. 0.786 0.856 1.414 1.456 1.415 
1 Overall = based upon cumulative data for all periods. 
109 
of vitamin-mineral concentrate consumption upon the efficiency of utiliza-
tion of vitamin-mineral concentrate were highly significant (Tables ;LVIII 
and LIX). The quadratic effects of vitamin-mineral concentrate consumption 
upon the efficiency of utilization of vitamins and minerals were also high-
ly significant (P>0.01). Efficiency of utilization of vitamin~mineral con-
centrate improved as dietary concentrate was decreased, but not in a straight 
line. The efficiency of utilization of 0. 215 grams of concentrate was. 
three times better than the utilization of 0.640 grams, while 0.640 grams 
was utilized only two times"',more efficiently than 1. 065 grams. 
Dietary protein also influenced the utilization of vitamiµ-mineral 
concentrate. As dietary protein was decreased, the efficiency of utiliza-
tion of vitamin-mineral concentrate improved. This was significant at 
the 1 percent level of probability. Vitamin-linear x protein-linear inter-
actions were also highly significant. The effect of protein upon the effi-
ciency of vitamin-mineral utilization decreased as dietary vitamin-mineral 
concentrate increased. 
Data on the average daily consumption of protein per hen for Study 2 
are given in Table LX. The three protein intake levels'were approximately 
15, 19 and 23 grams per day. The efficiency of utilization of protein 
(Table LXI) was a linear function of protein intake (P>0.01, Table LXII). 
Vitamin-linear x protein-linear interaction effects were significant at 
the 1 percent level of probability. This can be explained by the fact that 
protein efficiency a~ted in opposite directions in the 13- and 19-gram-
protein diets. With the 13-gram-protein diets, protein efficiency im -
proved as the dietary vitamin-mineral concentrate was decreased; but with 
the 19-gram-protein diets, protein efficiency improved as the dietary 
vitamin-mineral concentrate was increased. 
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TABLE LVIII 
EFFICIENCY OF UTILIZATION OF VITAMIN-MINERAL CONCENTRATE 
BY PERIODS 'AND OVERµ.Ll, STUDY 2, TRIAL III . 
Diet· number 1 2 3 10 11 12 21 22 23 
Period.number Grams of concentrate per gram of egg 
1 0.009 0.023 0.045 0.010 0.029 0.045 0.008 0.027 0.044 
i 
2 0.010 0.035 0.045 0.010 0.032 0.057 0.010 0.034 0.053 
3 0.010 0.033 0.057 0.011 0.031 0.052 o.cno 0.033 .0.048 
4 0.007 0.020 0.033 0 .. 007 0.022 0.032 0.012 0.027 0.056 
5 0.006 0.022 0.038 0.007 0.021 0.032 0.021 0.025 0.057 
6 ().006 0.020 0,.036 0.007 0.018 0.035 0.010 0.028 0.036 
7 0.006 0.019 0.036 0.007· 0.019 0.036 0.071 0.025 0.048 
8 0.005 0.017 0.034 0.007 0.018 0.028 0.005 0.017 .0.036 
9 0.006 0.018 0.036 0.007 0.018 0.032 0.007 0.019 0.035 
10 0.008 0.020 0.043 0.007 0.022 0.039 0.008 0.022 0.036 
11 0.008 0.021 0.044 0.008 0.021 O.Cl48 0.012 0.027 0.039 
12 0.007 0.()22 0.064 0.009 0.025 0.042 0.016 0.032 0.055 
13 0.007 0.021 0.080 0.012 0.035 0.058 0.012 0.033 0.053 
Overalll 0.007 0.022 0.044 0 •. 008 0.024 0.040 0.009 0.027 ·o.045 
lover all - based upon cumulative data for all periods. 
TABLE LDC 
ANALYSIS OF VARIANCE OF THE VITAMIN-MINERAL CONCENTRATE EFFICIENCY DATA 
BY PERIODS .AND OVERALL, STUDY 2, TRIAL III 
--
Per:l:od number l 2 ~ lj: ; 15 7 8 9 16 . ii. ~i.g~~ ll overall 
Source of variatioa d.f.~ Mea.a squarest~ 
Total. d:f:2 (98) (97) (97) (97) (96) (94) (93) (91.) (91) (90) (90) (90) (90) (90)° 
Blocks lO ll 6o 21 82 41 44 36 l.06 76 70 lOO 44 54 6 
Vitamias: (V) (2) 
VL (Liaear) 1.40? 1.3(1;" l.409- i43~ - -21~ 3o6;* ** - - - - -l l.393 1715 2173 1694 l.252 1058 ll.32 l.486 
VQ (Quadrat:i.c) - - 15f" ~ - - 2.P%' - 24Y - 1.2A* - ** l~ l 199 254 168· 242 387 219 923 87 
Protea: (P) 
PL l 0 .l 14* - -· ·* 5r- ff * ~ 0 312 125 29 2 lO 2 176 74 
6 ** 79* PQ l 0 2 34 96 9 0 l.2 22 21 2 4l. 0 
Vi tamia-proteia 
iateractioa (4) 
VL x PL l 2 2 ~ - - 41* 17r- 68* -l 315 l.25 8 5 8 2 l.8 
VQ x PL l 2 l 0 5 18 14 3 5 7 13 0 6 l. l 
. VL x PQ l 6 0 6 32 l~ 2 5 15r- 20 25 39* 3 35 0 
VQ x PQ l 0 0 8 Z7 l l 15 5 6 l 13 l.2 l 
Error 2 7 2 ll 9 7 5 11 8 8 8 l.2 l.2 l 
Error d.f. 2 8o 79 79 79 
.78 76 75 73 73 72 72 72 72 72 
- -
... d.f. - t~e _degrees of freedom tor blocks IUld for treat.meats are the Sllllle tor each period .ual.ysis ud the overall 
aaalysiS, 
2.rota1.d.f, a.ad errcr d.f. - mortality may cha.age the degrees of freedom from period to period. The total d.:f'. 
· are listed above the mean squares for each period &lid the error d.:1'. are listed below the 111eu squ.&r\'!B for each period, 
· *Sigaificut at the 5 perceat level. 
**Sigaificaat at the l percea~ leve_l. ..... ..... ..... 
'JJABLE LX 
AVERAGE DAILY CONSUMPTION OF PROTEIN PER HEN, 
BY PERIODS AND OVERALL!, STUDY 2, TRIAL III 
Diet number 1 2 3 10 11 12 21 
Desired cons. ~gm.} 13 16 
Period number Gt ams of protein actually consumed 
1 15. 72 13.61 15.50 19.30 19.96 20.34 24.75 
2 18.86 19.02 19.66 22.39 24.44 24.66 27.48 
3 19.20 18.39 19.33 22.79 22.83 24.27 27. 70 
4 15. 72 13.69 14.93 17.42 18.19 18.61 19.78 
5 15.26 14.61 15.30 18.74 18.95 19.40 21.33 
6 15.28 14.25 14.43 17.43 18.11 18.67 24.57 
7 15.02 14.25 14.42 18.25 18.06 18.73 23_.44 
8 13. 62 14.04 13.90 16.85 16.57 17.37 20 ... _51 
9 14.04 14.67 14.01 17.42 16.87 17.97 23.00 
10 14.40 14.43 14.37 18.13 16.88 18.13 21.95 
11 13.99 15.05 14.58 19.56 18.34 19.43 21.51 
12 15.18 15.33 14.23 18.19 18.90 18.29 21. 73 
13 15.47 15.79 12.60 18.05 18.54 18.21 23.19 
Overalll 15.52 15.18 15.31 18.81 18.97 19.58 23.15 



















EFFICIENCY OF U'£ILIZATION OF PROTEIN BY PERIODS 
. AND OVERALL1, STUDY 2, TRIAL III 
Diet number l 2 3 10 11 12 21 
Period number Grams of protein per gram of egg 
1 0.38 0.33 0.39 0 • .50 0.51 0.47 0.51 
2 0.43 o . .so 0.48 0.52 0.57 0.60 0.60 
3 0.42 0.46 0.48 0.57 0.55 0.55 0.62 
4 0.42 0.40 0.41 0.53 0~61 o.49 1.12 
5 0.38 0.45 0.47 0.51 0.60 0.48 1. 91 
6 0.37 0.40 0.44 0.52 0.52 0.52 0.95 
7 0.39 0.38 0.44 0.54 0.55 0.53 0.68 
8 0.33 0.34 0.41 0.53 0.52 0.42 0.48 
9 0.36 0.36 0.44 0.54 0.49 0.48 0.62 
10 0.51 0.41 0.51 0.50 0.61 0.58 o. 71 
11 0.46 0.43 0.54 0.57 0.60 0.73 1.05 
12 0.43 0.44 0.79 0.70 o. 70 o. 6'3 1.42 
13 0.44 0.42 0.97 0.90 0.99 0.87 1.05 
OVe:i:'al'll 0.41 0.41 0.48 0 .• 56 0.58 0.54 0.76 
1 ' . ! 


















~ource or var!ation !.?.~ 
Total d.:r. 2 
Blocks 10 
Vitamins: (V) (2) 
VL (Li1tear) l 
VQ (Quadratic) l 





VL x PL l 
VQ x PL l 
VL x PQ l 
VQ x PQ l 
Error 
Error d.f. 2 
--
TABLE LXII 
ANALYSIS OF. VARIANCE OF THE PROTEIN EFFICIENCY DATA 
BY PERIODS AND OVERALL, STUDY 2, TRIAL III 
I 2 3 lj: 5 5 7 8 9 
Sl'ea:a squares 
(98) (97) (97) (97) (96) (94) (93) (91) (91) 
o.66 3,74 2.54 4.01 Jl.41 3.26 1.94 3.68 1.78 
* 0.03· 2.10 0.05 0.21 0.01 0,00 0.67 0.39 o.oo 
0.07 1~25 0.00 0.12 0.02 0.03 0.01 0.02 0.31 
** ** ** ** ** - - - -13.02 8.64 6.97 34.42 31.85 24.20 20.83 13.35 14,90 
1.28* o.o6 0;67 * 1.86* 0.27 2,35 o.o6 o.o6 0.67 
* * 0.05 0.38 0,39 o.oo 2.74 2.18 o.oo o.oo o.4o 
* 
0.95 0.35 0.01 o.oo 0.10 o.04 o.oo o.45 0,14 
ci.43 o.08 o.66 O.l~ - 0.85 0.22 o.oo 0.31 3.73 
0.09 o.oo o.oo 1.44 2.95* 0.0:2 0.13 1.79* 0,32 
0.19 o.41 0.17 0,43 o.46 0,34 0.35 0.39 0,27 
8o 79 79 79 78 76 . 75 73 73 
Io ----U 12 13 overall 
(90) (90) (90) (90) (90) 
2.85 4.23 3.54 2.29 0.71 
o.oo 0.01 o.48 * 2.30 0.09 
0.02 0.32 0,67 1.16 0.01 
- - - ** ** 5.,50 13.4:2 • 18.59 12.86 15.23 
* o.oo o.oo 0,00 2.74 o.oe 
** - * 0.03 0.87 4.73 4.13 o.45 
1.33 0,12 0.82 * 3.09 0,24 
0,42 0,47 0.52 1.97 0.09 
0.22 o.4e o.64 · o.i3 o.o~ 
0,43 0.39 0.51 0.51 0.07 
72 72 72 72 72 
1d,f, - the degrees of freedom for blocks lllld for treatme•t are the same for each period ellalysis lllld the overall 
analysill, 
Gretal d.:r. aEd error d.f. - mortality may cbaage the degree11 of freedom 1'rolll period to period, The total d.:f. 
are listed above the mean squs.res ·for each period 8Dd the error d.:r. are listed below the mee.a squares for each period. 
*S1ga1:f1cant at the 5 perceat level. 






FACTORIAL DESIGN, STUDY 31, TRIAL III~ THE EFFECTS OF PROTEIN AND VITAMIN-
MINERAL CONCENTRATE CONSUMPTION, WITH 300 CALORIES OF METABOLIZABLE 















Desired daily vitamin-mineral 








1study 3 - All experimental diets in this study were calculated to 
supply 300 Calories of met~bolizable energy per hen per day. 




There were no noticeable differences in hen livability among the ex-
perimental diets (Table LXIV) . The 300-Calorie diets fed in this study 
were all nutritionally adequate for the hens to maintain good egg production 
for the' twelve-month experimental period (Table LXV). There were no signi-
ficant main effects of either protein or vitamin-mineral concentrate intake 
upon egg production (Table LXVI). Hens that were fed diets that contained 
13 grams of protein maintained the highest egg production when the protein 
was conbined with 1.490 grams of vitamin-mineral concentrate. The highest 
egg production occurred on the 16- gram-protein diets that contained 0 . 640 
grams of vitamin-mineral concentrate . Hens fed 19 grams of protein pro-
duced more eggs on 1.065 grams of vitamin-mineral concentr ate . These inter-
actions, plus the fact that slightly more eggs were produced on the diets 
that contained 13 and 19 grams of protein than on the 16- gram diets 9 pr o-
bably account for the significant vitamin-linear x protein-quadratic inter-
action that occurred in Periods 5, 7 and overall. 
Slightly heavier eggs were produced with each increase in dietary pro-
tein (Table LXVII). Eggs were approximately one gram heavier from hens 
th~t were fed 16 grams of protein than from hens fed 13 grams . Likewise 9 
eggs from the hens fed 19 grams of protein were approximately one gram 
heavier than those fed 16 grams. Table LXVIII shows that the linear effect 
of dietary protein upon egg weight was significant at the 1 percent level 
of probability. It should be noted that most of this effect was established 
during the first 4 experimental periods. There were no significant effects 
of dietary vitamin-wineral concentrate upon egg weight . 
Overall differences in body weight change of hens among the experimental 
TABLE LXIV 
NUMBER OF HENS PER TREATMENT AT THE END OF EACH 
TWENTY-EIGHT-DAY PERIO», STUDY 3, TRIAL III 
Diet number 4 5 6 14 15 16 
Period number Number of hens 
1 11 11 11 11 11 11 
2 10 10 11 11 11 11 
3 10 11 11 10 11 11 
4 10 11 11 10 11 11 
5 10 11 10 10 11 11 
6 10 11 10 10 11 11 
7 10 11 10 10 11 11 
8 10 10 10 10 11 11 
9 10 10 10 9 11 11 
10 10 10 10 9 11 11 
11 10 10 10 9 10 11 
12 9 10 10 8 10 11 
13 9 10 10 8 10 11 
117 
24 25 26 
11 10 11 
11 11 11 
11 11 10 
11 10 10 
11 10 10 
11 10 10 
11 10 10 
11 10 10 
11 10 10 
11 10 10 
11 9 10 
11 9 8 
11 9 8 
Diet number 
TABLE LXV 
AVERAGE EGG PRODUCTION PER HEN, BY PERIODS 
AND OVERALLl, STUDY 3, TRIAL III 
4 5 6 14 15 16 
Period number Percent egg production 
1 77. 9 77.9 78.2 77 . 3 78.2 74.7 
2 72 .4 74.0 78.6 78.6 75.6 64.3 
3 75.0 80.2 79.2 76.4 72. 7 68.2 
4 70.0 71.8 74. 7 72.5 72.4 67.9 
5 71.8 75.0 73.9 75.7 67.5 65.6 
6 69.6 61. 7 73.6 69.6 60.4 61.0 
7 72.1 68.5 72.1 73.9 64 . 3 57.5 
8 66.1 64.3 68 . 6 67.1 64.3 55.2 
9 67.1 62.5 66.4 64.7 65.3 60.4 
10 61. 8 58.2 63.9 61. 9 66.6 53.2 
11 52.5 53.9 63.2 68.3 64 . 3 46.4 
12 56,0 55.4 62.5 62.3 64.6 51. 6 
13 55.0 49.3 60.0 55.8 64.6 46.1 
Overall 
1 






















76.8 77. 5 
74.6 76.4 
67.5 71.8 




63 . 5 62 .5 
67 . 1 54.3 
55.6 57.6 
70. 6 71.4 
TABLE LXVI 
ANALYSIS OF VARIANCE OF 000 PRODID?ION DA'l'A 
l!Y PERIODS ABD OVERALL, S~ 3, 'l'RIAL III 
PeriocI number l 2 3 Ii 5 l; "I B 9 10 11 12 13 overaII 
Source of variation iI.r.:t: Mean squares 
'l'otal d.f. 2 (98) (98) (95) (94) (93) (93) (93) (92) (91). (91) (89) (88) (86) (86) 
l!locks 10 215 278 124 83 125 194 151 8li- 459 246 ·•·96- 183 ·.11.64 11233 
Vitamins: (V) (2) 
VL (Linear) l l l 3 4 0 0 11 3 0 l 8 0 .-:2 18 
VQ (Quadratic) l 2 0 7 3 l 41 .l i O· 22 7 6o 15 181 
l'rotein: IP) (2) 
PL l 4 ll 3 11 0 0 0 2 l 20 29 l l 411 
PQ l 8 23 45* 13 28 39 62* 46 9 11 0 5 l 2374 
Vitamin-protein 
interation (4) 
VL xPL l. 4 l 4 l 7 0 12 2 14 13 8 0 4 221 
VQ xPL l 0 6 l 3 4 13 4:, ii 12 49 35 48 it5 1731 
VL x PQ l 0 li8 21. 23 55* 54 w* 48 44 * 83°'70* 9 137 .99 35 
VQ xPQ 1 28 68 5 6 8 l 16 22 8 17 90 
* :o 49 3346 
"Error 13 20 9 8 9 19 15 18 17 15 22 31 30 1203 
Error d.f • l 80 80 77 76 - _75 75 75 74 73-- 73 71 70 68 68 
. 1.d.f'. - ·the degrees of freedom for blocks and for treatments are· the same for each period analysis and the overall_ 
·analysis. 
2.rotal d.f'. and error d.f'. - mortality may cbange the degrees of' freedom from period 'to period. 'fbe total d.f'. are 
listed above the mean squares for each l)eriod BDd the error ·d.f'. are listed below the mean squares for each period. 
i1Sign1f'icant at the 5 percent level. 
t-' 







AVERAGE EGG WEIGHT BY PERIODS ANP OVERALLl, 
, STUDY 3,. TRIAL III 
Diet number 4 5 6 14 15 16 24 25 26 
Period number Egg weight in grams 
1 51. 7 52.8 52.1 54.1 53.2 54. 7 54.7 56.3 55.2 
2 54.0 55.1 52.5 55.5 54.7 56.3 56.9 57.1 56.0 
3 56.5 55.3 55.0 57.2 56.3 58.1 58.4 58.6 59.2 
4 56.2 56.9 54.9 58. 7 57.5 59.0 58.7 58.9 58.1 
5 58.1 .58. l 58.5 , 59.2 58.4 59.6 59.6 59.5 59.8 
6 59.1 57.8 57.9 59,9 58.9 60.5 59.9 60.8 60.4 
7 5,9.0 59.3 58.5 59.8 59.2 60.0 60.7 61.0 61.8 
8 58.3 58. 7 58.6 60.0 59.0 60.9 60.1 59.0 61.2 
9 59.1 59.7 58.5 59.9 59.1 61.1 60.7 60.9 60.5 
10 59.0 59.9 58.6 59.9 58.7 60. 7 60.5 63.8 59.1 
11 59.8 60.9 59.6 61.4 60.1 61. 6 61.0 61.1 61.8 
12 61.0 61. 7 60.5 61. 9 61.3 63.5 61.3 62.1 62.3 
13 62.5 61.8 61. 3 62.0 61.8 63.4 62.0 62.4 62.8 
Overanl 57.7 57.9 57.1 58.9 58.1 59.7 59.3 59.7 59.5 
10verall • based upon cum.~lative data for all ~eriods. 
TABLE I.XVIII 
ANALYSIS OF VARIANCE OF mG WEIGHT DATA, 
BY PERIODS AND OVERALL, STUDr 3, TRIAL III 
Period number l 2 -~ 4 5 i5 7 s 2 10 -1:c-- 12 13 overall 
Source of variation d.f .:1: Mean squares 
Totai d.f.2 {98) (98) (95) (94) (93) {93) (93) (92) (91) (91) {89) (88) (86) (86) 
:Blocks 10 52 428 131 89 72 469 427 Bo 3165 200 63 1058 1383 36 
Vftamins: (V) (2) 
VL (Linear) 1 6 12 0 9 1 0 48 11. 0 1 0 94 2 0 
VQ (Quadratic) 1 1 36 6 0 2 155 15 10 0 .1 0 3 163 0 
Protein: (P) (2) -3~- -16t* - * 30* PL 1 152 93 31 200 77 38 34 24 23 11 36 
PQ 1 1 16 0 19 0 22 115 8 676* 3 2 60 72 10 
Vitamin-protein 
interaction (4) 
VL x PL 1 48 6 1 1 5 4 0 0 7 0 349 126 0 
VQ x PL 1 13 92 2 16 0 86 8 13 8 16 11 84 252 1 
VL x PQ .1 2 2 0 1- 0 7 36 2 8 0 0 53 74 0 
VQ x PQ 1 5 1 2 5 0 45 105 1 9 24 1 152 191 2 
Error 5 39 11 8 . 9 48 48 14 101 17 11 195 201 7 
. . 2 
· ~,:ror ~-!.: 80 80 77 76 75 75 75 74 73 73 71 70 68 68 
1d.f. - the degrees of t'reedom for blocks and for treatments are the same for each period ·analysis and' the overall 
analys:l,s. 
~tal d.f. and. error d.f. - mortality may change the degrees of t'reedom from period to period. The total d.i'. are 
.listed above the mean squares for each period and the error d.f. are listed below the mean squares for each period. 
*Significant at the 5 percent level. ..... 
N 
**Signii'icant at the 1 percent level. ..... 
122 
diets were not significant (Tables LXIX and LXX). However, the linear pro-
tein effects upon body weight were significant in 5 of the experimental per-
iods. As in Study 2, these effects do not all go in the same direction. 
Hens fed 19 grams of protein gained the most weight in Period 1; these same 
hens lost the most weight in Period 4. There were many other examples of 
a reversal of bcdy weight change from period to period. These reversals 
account for the statistically significant vitamin x protein interactions of 
one type or another that occurred in 7 of che period analyses . 
As the level of dietary protein was increased, there was a linear in-
crease in feed consumption (Table LXXI). A possible reason for this was 
explained under the results of Study 2. Hens that were fed 16 grams of pro-
tein during Periods 6, 7, 8 and 10 consumed significantly less feed than 
those fed either 13 or 19 grams of protein. This quadratic effect of die-
tary protein upon feed consumption was significant at the 5 percent level 
of probability (Table LXXII). In this study, slightly over 300 milliliters 
. 
of feed were consumed per hen per day (Table LXXIII). 
Average daily consumption of vitamin-mineral concentrate per hen for 
~tudy 3 is given in Table LXXIV. The grams of concentrate actually con-
sumed were slightly higher than desired for each of the three intake levels . 
Efficiency of utilization of the vitamin-mineral concentrate is shown in 
Table LXXV. Both linear and quadratic effects of dietary vitamin~mineral 
concentrate upon the efficiency of utilization of vitamin-mineral concentrate 
were highly significant (Table LXXVI). As dietary vitamin-mineral concentrate 
was increased , the efficiency with which it was utilized decreased. Again, 
as in Study 2, the efficiency of utilization of vitamin-mineral concentrate 
decreased faster with the first increase in dietary concentrate than with 




AVERAGE BODY WEIGHT GAIN OR LOSS BY PERIODS 
AND OVERALL!, STUDY 3, TRIAL III 
' . 
4 5 6 14 15 .16 24 
Period number Grams body weight gain or loss 
1 -103 - 25 - 85 - 22 - 62. - 43 + 19 
2 +118 + 35 + 61 + 78 +120 + 76 + 60 
3 - 34 + 2 + 41 - 9 + 30 + 15 - 5 
4 + 31 - 4 - 49 - 25 + 3 - 19 - 40 
5 + 37 + 35 + 26 + 56 + 26 + 35 + 18 
6 - 13 - 11 - 36 + 5 - 21 - 40 - 6 
7 + 4 - 52 + 42 - 6 - 9 - 72 - 20 
8 + 61 + 62 - 52 + 38 - 39 + 94 + 33 
9 - 16 - 28 + 22 + 4 +107 + 9 - 9 
.IO + 33 + 28 + 34. + 61 + 43 + 38 + 34 
11 - 15 + 24 - 20 + 27 + 29 + 16 + 38 
12 - 31 - 3 - 1 - 43 - 39 - 65 - 57 
13 + 19 + 25 - 7 + 31 + 17 + 14 0 
Overall 1 + 83 + 79 - 26 +202 +209 + 38 + 63 
i · Overall - base.d upon cumulative data for all periods. 
123 
25 26 
+ 74 + 28 
+ 25 + 65 
0 - 50 
- 57 - 31 
+ 99 +102 
- 68 - 19 
- 4 - 1 
+161 + 63 
-110 - 8 
+ 18 + 46 
+ 23 + 26 
- 43 .. 131 
- 23 + 19 
+UO +141 
TABLE I.XX 
ANALYSIS OF VARIANCE OF 'B'ODY, WEIGBT GAIN OR IDSS 
llY PE!lIODS AND OVERALL, STUDT 3, TRIAL III 
., 
Period number l 2 3 4 .5 ti 7 s 2 1.0 11 12 13 Qverall 
Source of variation d.f'.l Mean s9.Uil-res ~. 100 
Total d.f.2 (98) (98) (95) (94) (93) (93) (93) (92) (91) (91) (89) (88) (86) (86) 
Blocks 10 .2235 1530 620 287 109 006 532 1408 347 612 455 938 635 84 
Vitamins: (V) (2) 
VL (Linear) 1 83 33 '6 71 49 103 9 8 38 3 14 35 8 5 
VQ (Quadratic) l 168 55 55 5 10 43 26 66 156 27 33 58 l 2 
Protein: (P) (2) - * 231: .. 568* PL l 1949 45 71 193 20 5 94 0 0 176 33 l 
PQ 1 144 242 71 36 · 48 7 90 - 56 14 14 2 520 · 59 9 
Vitamin-protein 
interaction (4} 
* • -VL x PL l l 73 350 189 247 3 12 506 35 l 1 133 38 6 
304* - ·* -VQ x PL 1 271 37 3 4 29 416 854 478 0 5.6 1 17 0 
21t* • VL x PQ. 1 113 86 l 125 14 263 57 37 17 2 34 5 2 
VQ x PQ 1 8 40 6 3 3 177 65 393 137 23 11 l 55 8 
Error 76 82 51 37 29 106 43 159 54 32 39 84 91 5 
Error d. f. 2 80 80 77 76 75 75 15' 74 73 73 71 70 68 68 
-
1d.f. - th~ degrees of freedom for blocks and for treatments are the same for each period analysis and the overall 
analysis • 
. Zrota.l d.f. and error d.f. - mortality e.y change the degrees oi' freedom from period to period. The total d.f. are 
listed above the mean squares for each period and the error d.f. are listed·below the mean squares for each period. 
~Significant at the 5 percent level. ..... 
N 




AVERAGE DAILY FEED CONSUMPTION PER HEN, BY 
PERIODS AND OVERALLl, STUDY 3, TRIAL III 
4 5 6 14 15 16 ' 24 
Period number Total grams of diet 
1 111.4 116.8 108.5 118.0 119. 6 117.0 124.5 
2 149.8 129 . 2 133.7 144 . 5 136.6 135.5 137.5 
3 146.2 140.4 143 . 0 142.2 135 . 8 141.4 150.7 
4 138.6 136.1 133.4 145.7 138.0 145.6 137.9 
5 151.8 141.3 140.1 145.0 134.3 144.2 142.2 
6 143.0 140.3 136.7 132.3 111.4 120.5 145.5 
7 134.4 124.3 129.8 132.5 121.7 120.9 139.3 
8 129.4 120.7 126.9 129.0 116. 5 118. 9 129.0 
9 126.6 120.2 124.5 131.1 124.5 123.6 133.8 
10 126.8 121. 7 123.7 118.1 124.5 122.4 144.3 
11 127.4 127 . 9 127.3 13p.7 131.8 126.9 132.9 
12 130 . 6 131.5 131.8 134. 2 131.9 133 . 8 125.8 
I 
13 137 . 8 133.0 1~6 . 8 143.0 138 . 1 140. 4 124.1 
Overall 1 134. 9 129 . 7 130.5 135.0 127.9 130.1 136.0 





152.1 1.53. 3 
144.9 150.6 








139 . 5 134.5 
143.2 146.5 
TABLE LXXII 
ANALYSIS OF VARIANCE OF DAILY FEED CONSUMPTION DATA 
BY PERIODS AND OVERALL, STUDY 3, TRIAL III 
Period number 1 2 2 4 ~ b 7 8 2 10 11 12___________!3_ Overall 
Source of variation d.f.t Mean squares 
Total d.f'.2 (98) (98) (95) (94) (93) (93) (93) (92) (91) {91) (89) (88) (86) (86) 
l!locks 10 2738 3227 9054 1001 10 2129 1817 1690 6188 7749 166o 4005 2251 . 492 
,Vitamins: (l!) (2) 
VL (Linear) 1 13 168 8 77 19 6 72 0 50 52 93 53 120 12 
VQ (Quadratic) 1 466 345 203 1.12 399 l-782 371 241 287 13 8 76 6 157 
Protein: (P) (2) 
489r 1331* 1.197 - - - * -285r 11~ PL 1 1151 599 1558 3799 2153 3014 4532 1 263 
- 4o:* -
* 594* PQ 1 156 222 1343 191 872 12422 3 2170 256 2486 178 94 899 
Vitamin-protein 
interaction (4) 
2703* £1,* * -VL x PL 1 250 870 1960 1633 721 721 302 0 878 26 312 562 
VQ x Pt 1 76 490 0 172 41 876 95 33 32 56 1 2 40 0 
V1, x PQ 1 38 723 39 214 310 530 1054 
* 1647 76o 329 655 439 897 54o 
VQ x PQ 1 1 66 107 24 221 613 13 22 50 2 537 212 182 0 
Error 234 290 981 140 222 533 299 238 598 583 225 36o 393 149 
Error d.f. 2 86 8o 77 76 75 75 75 74 73 73 71 70 68 68 
---
1d.f'. - the degrees of freedom for blocks and for tr-tments are the same 'for ~h period aoal.ysis and the overall 
analysis. 
2Total d.f. and error d.f. - mortality may change the degrees of freedom from period to period. The total d.f. are. 
listed above the mean 11quares for each peric,d andjthe error d.f. are listed below the mean squares for -ch period. 
*Significant at the 5 percent level. 
I-' 
**Signif'icant at the 1 percent level. N a, 
Diet.ntU11ber 
TABLE LXXlii 
AVERAGE DAILY VOLUME OF FEED CONSUMPTION PER HEN, 
BY P~RIODS AND OVERALLl, STUDY 3, TRIAL III. 
4 5 ,'6 14 1'5 16 24 I 
Per.iod' number MillHite....-s of feed· actually consumed 
'' 
1 245 257 239 260 263 257 274 
2 314 271 281 318 301 298 303 
3 322 309 315 313 29,9 311 347 
4 333 327 320 364 345 364 345 
5 364 339 336 36,2 336 360 356 
6 343 337 328 331 278 301 3~4 
7 323 298 311 331 304 302 348 
I 
8 310 290 305 323 291 297 322 
~ 304 288 299 ~35 311 309 335 
10 304 292 297 295 311 306 361 
11 306 307 305 342 329 317 332 
\ 
12 313 316 316 336 330 334 314 
13 331 319 328 358 345 351 310 
Overall 1 3.16 304 306 327 311 31;6 332 



















AVERAGE DAILY CONSUMPTION OF VITAMIN-MINERAL CONCENTRATE PER HEN, 
BY PERIODS AND OVERALLl, STUDY 3, TRIAL III · 
Diet number 4 14 24 5 15 25 6 16 26 
Desired cons. {S!!!· 2 o. 640 1.065 1.490 
Period number Grams of vitamin-mineral concentrate actually consumed 
1 0 . 898 0 . 948 1.001 1 . 569 1.480 1. 777 2.040 2.190 2. 464 
2 1.237 1.160 1.117 1. 780 1.690 2.021 2.580 2.537 2.897 
3 1.178 1.142 1.163 1.885 1.680 1. 956 2.689 2.648 2.761 
4 0.743 0.750 0 . 698 1.216 1.181 1.220 1. 987 1. 742 2.682 
5 0.813 0.747 o. 720 1.262 1.150 1.281 2.088 1. 726 2.810 
6 0.767 0.681 0.736 1.253 0.953 1.198 2.037 1.442 2.937 
7 o. 721 0.682 0.705 1.110 1.042 1.240 1.933 1.447 2.690 
8 0.693 0.664 0 .653 1.078 0 . 998 1.193 1.891 1.424 2. 547 
9 0.679 0.691 0 . 677 1.073 1.065 1.172 1.856 1.479 2.545 
10 0.680 0.608 o. 730 1.087 1.066 1.219 1.843 1.466 2.479 
11 0.683 o. 704 0.673 1. 142 1.128 1.189 1.896 1.519 2 . 693 
12 o. 700 0 . 691 0.636 1.175 1.129 1.173 1. 964 1.602 2.327 
13 0.739 0. 737 0.628 1.188 1.182 1.174 2. 039 1.681 2.395 
Overall 1 0.815 0.794 0.780 1.301 1.212 1.383 2.073 1.762 2 . 637 
1 Overall - based upon cumulative data for all periods. 
TABLE LXXV 
EFFICIENCY OF UTILIZATION OF VITAMlN-MINERAL CONCENTRATE 
BY PERIODS AND OVERALLl, STUDY ' 3, TRIAL III 
I 
I ' 
Diet number 4 5 6 14· 15 ' 16 24 
Petiod number Grams of concentrate per gram of e$g 
1 0.022 0.038 0.050 O.Q23 0.036 0 . 054 0 . 023 
2 0.032 0.044 0.063 0.027 0.041 0.071 0.026 
3 0.028 0.042 0 . 062 0.026 0 . 042 0.067 0.026 
4 · 0.019 0.030 0.048 0.018 0 . 028 0.044 0.017 
5 0.020 .o. 029 0.048 0.017 0.029 0.044 0.018 
6 0 . 019 0.035 0.048 0.016 0.026 0.040 0.019 
7 0.017 0.027 0.046 0 •. 015 0.027 0.042 0.017 
8 0.018 0 .029 0.048 0.016 0.026 0.042 0.017 
9 0.017 0.029 0.048 0.018 0 . 028 0.041 ' 0.018 
10 0.019 0 .031 0.049 0 . 016 0.027 0.045 0.021 
11 0.022 0.035 0.050 0.017 0.029 0.054 0.019 
12 0.020 0.034 0.052 0.018 0.028 0.049 0.021 
13 0.021 0.039 0.055 0.021 0.030 0.057 0.021 
Overanl 0.021 0.035 0.051 0.019 0.031 0.050 0.020 
I 
















0.0~3 0 .062 
TAl!LE LXXVI 
ANAL!SIS OF VARIANCE OF THE VlTAMIN-MINERAL CONCmrRATE ll'FICIENCY DATA 
llY PERIODS AND OVERALL, STUDI 3, TRIAL III 
Period number l 2 3 4 ~ li ,7 s 2 10 11 12 13 Overall 
Source of variation d.f.'I: Mean sguares 
Total d.f. 2 (98) (98) (95) (94) (93) (93) (93) (92) (91) (91) ce9> (88) (86) (86) 
Blocks 10 697 270 ~9 400 616 1116 837 1462 2938 5735 832 995 lo42 532 
Vitamins: (V) (2) 
"* "* "* "* "* "* "* "* "* "* "* "* "* "* VL (Linear) l 10337 7415 8494 20281 20007 19617 24710 22325 21180 23994 18328 13886 11477 13457 
12!* * "* * "* "* "* * "* VQ (Quadratic) l 188 307 202 245 748 432 385 357 452 241 5 152 224 
Protein: (P) (2) 
PL l 66 19 0 100 3 0 76 4 120 93 66 9 3 0 
* ~ * * 144* PQ l 14 20 l 45 182 186 137 16 1575 617 584 202 
Vitamin-protein 
interaction (4) 
* "* "* * VL x PL l 0 149 l2 346 245 110 24 143 18 17 451 43 9 65 
VQ x PL l 10 l 0 4 73 29 19 l2 36 4 5 34 219 3 
VL x PQ l 10 l 23 2 54 100 141 l 63 1337 279 226 l2 10 
VQ x PQ l 57 168* 49 76 
* 15 274 17 9 396 15 11 77 4 l 
Error 19 30 38 29 28 63 48 77 161 36o 97 170 166 21 
Error d. f. 2 80 80 77 76 75 75 75 74 73 73 71 70 68 68 
--
1d.f. - the degrees of f'reedom for blocks and for treatments are the same_for each period analyais and the overall 
analysis. 
2 . 
Total d.f. and erro:i:, d.:f'. . - mortality may change the degrees of freedom from period to period. The total d.f. are 
listed above the mean squares for each period and the error d.f. are listed below the mean squares for each period. 
*Significant at the 5 percent level. ..... 
w 
**Significant at the 1 percent level. 0 
TABLE LXXVII 
AVERAGE DAILY CONSUMPTION OF PROTEIN PER HEN, 
BY PERIODS AND OVERALLl, STUDY 3, TRI.AL III 
t 
Diet number _ 4 5 6 14 15 16 24 
Desired cons. {8!· 2 13 16 
Period number Grams of protein actually consumed 
1 12. 92 13.55 12.59 16.64 16.87 16.49 20.92 
2 17.82 15.38 15.91 20.38 19.26 19.11 24.34 
3 16.96 16.28 16.59 20.05 19.15 19.94 24.41 
4 15.11 14.84 14.54 18.80 17.80 18.78 18.34 
5 16.54 15.40 15.27 18.70 17.33 18. 60 18.92 
6 15.59 15.29 14.90 17.07 14.37 15.54 19.35 
7 14.65 13 . 55 14.14 17 . 09 15.70 15.59 18.53 
8 14.10 13 ~ 1~ 13.83 16.64 15.03 15.34 17.15 
9 13.80 13.10 13.57 17.30 16. 06 15.94 17.80 
10 13.82 13.26 , 13.48 15.23 16.06 15. 79 19.19 
11 13.89 13.94 13.87 17. 63 17.00 16.37 17.68 
12 14.23 14.34 14.37 17.31 17.02 17.26 16.73 
13 15.02 14.50 14.91 18.45 17 . 82 18.11 16.50 
Overall 1 14.97 14.38 14. 47 17.82 16.87 17.14 19.22 








20.24 20. 9: 
18.93 21. 93 
19.59 20.09 
18.85 19 . 02 
18.52 19.00 
19.25 18.52 
18 ."78 20.11 
18.54 17.38 
18.55 17.88 
20.36 20 . 79 
Diet number 
TABLE LXXVIII 
EFFICIENCY OF UTI!IZATION OF PROTEIN BY PERIODS 
AND OVERALL, STUDY 3, TRIAL III 
4 5 6 14 15 16 24 
Period number Grams of protein per gram of egg 
1 0.32 0.33 0.21 0.40 0.41 0.40 0.48 
2 0.46 0.38 0.39 0.47 0.47 0.53 0.56 
3 0.40 o._37 0.38 0.46 0.47 0.50 0.55 
4 0.38 0.36 0. 35 0.44 0.43 0.47 0.44 
5 0.40 0.35 0.35 0.42 0.44 0. 48 0.46 
6 0.38 0.43 0.35 0.41 0.40 0.42 0.49 
7 0.34 0.33 0.33 0.39 0.41 0.45 0.46 
8 0.37 0.35 0.34 0.41 0.40 0.46 0.44 
9 0.35 0.35 0.35 0.47 0.42 0.43 0.47 
10 0.38 0.38 0.36 0.41 0.41 0. 49 0.54 
11 0.44 0.42 Q.37 0.42 0.44 0.57 0.49 
12 0.42 0.42 0.38 0.45 0.43 0. 53 0.54 
13 0.44 0.48 0.41 0.53 0.45 0.62 0.55 
Overall 1 0.39 0.38 0.36 0.43 0.43 0.48 0.50 


















ANALYSIS OP' VARIAJVCE OF THE PROTElll EFFICIFaCY DATA 
'BT PERIODS AM) OVERALL I STUDY 3, 'mIAL III 
Period number l 2 ~ ~ ~ li I s 2 10 11 l2 1~ · · Overall 
Source of variation d.r.:1: Mean squares. 
Total d.r. 2 (98) (98) (95) (~) (93) (93) (93) (92) (91) (91) (89) (88) (86) (86) 
Blocks 10 5,65 2.83 2.63 0.85 1.56 4.12 2.95 4.52 11.61 14.62 . 2.43 3.12 2.77 1.21 
Vitamins: (V) (2) 
VL (Linear) l 0.04 0.01 0.12 0.03 o.oo 0.05 0.19 0.01 0.00 0.47 0.10 0.13 0,27 0.01 
VQ (Quadratic) l 0,34 0.17 0.02 0.18 0.15 0.24 o.r:rr 0.01 0.01 0.01 0.10 0.99 0.01 0.09 
Protein: (P) (2) - - - - - - - - * - - * . -PL l 21.61 10.26 11.32 2.90 4.67 4.21 7.69 5.57 7.24 5.53 2.62 3.01 1.85 5.51 - - * PQ l 0.20 0.02 0.36 1.45 0.96 o.o6 l ,43 1.01 l.6o 0.04 0.09 0.01 o.42 0 .29 
Vitamin-protein 
interaction (4) 
VL x PL l 0.04 o.66 o.08 0.23 0.23 0.18 o.oo o.o6 0.28 0.20 0.90 0.12 o.r:rr o.r:rr 
\rQ x PL l 0.02 0.03 0. 01 0,04 0.02 0.75 0.01 0.02 0.23 0.14 0.65 0.72 1.82 0.14 
o.44 o.o6 * * VL x PQ l o.oo 0.11 0.32 0.10 0.35 0.75 0.01 3.11 1.:53 0.97 0.03 0.17 
* VQ x PQ l 0 .22 1.00 0.22 o.r:rr 0.32 0.29 o.41 o.43 0.10 0.21 0.72 0,00 1.22 0.19 
Error 0.15 0.23 0.21 0.11 0.12 0.29 0.24 0.31 o.46 0.78 0.25 0.57 0.58 0.10 
Error c! . f. 2 8o 8o 77 76 75 75 75 74 73 73 71 70 68 68 
1a. f. - the degrees of :freedom for blocks and ·for treatments are the - for each period anal.7aia and the overall 
a11al.yais. 
2.roia.'1 d.f. and error d.f. - mortality IIBY change the degrees of freedom from period to period. The total d.f. are 
listed above the mean squares for each period and the error d.f. are listed below the mean squares for each period. 
*Significant at the 5 percent level. t-' 
l,.) 
-Significant at the l percent level. l,.) 
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eral utilization was also significant (P > 0. 05). Hens that were fed 16 
grams of protein utilized the vitamin-mineral cobcentrate more efficiently 
than those fed the other two protein levels. 
Protein consumption and efficiency of utilization of protein are given 
in Tables LXXVII and LXXVIII, respectively. Protein consumption levels were 
all above the desired intake levels of 13, 16 and 19 grams. Nevertheless , 
variation in protein consumption ¥ithin each of the three groups was rela-
tively small. Actual protein consumption per hen for each of the respective 
intake levels was approximately 14.6, 17.3 and 20.2 grams. There were no 
significant effects of dietary vitamin-mineral concentrate upon the utili -
zation of protein (Table LXXIX). Only the expected linear effect of in-
creasing dietary protein levels had any significant influence upon the 
efficiency of utilization of protein. 
TABLE LXXX 
FACTORIAL DESIGN, STUD~ 41, THE EFFECTS OF PROTEIN AND VITAMIN-MINER.AL 
CONCENTRATE CONSUMPTION, WITH 350 CALORIES OF METABOLIZABLE ENERGY , 















Desired daily vitamin-mineral 
concentrate consumetion ~gm.} 
1.490 1. 915 
13-1.490 13-1. 915 
(8) ' (9) 




lstudy 4 - All experimental diets in this study were calculated to 
supply 350 Calories of metabolizable energy per hen per day. 




Livability, egg production and egg weight data are presented in Tables 
LXXXI, LXXXII and LXXXIV, respectively . There were no statistically sig-
nificant differences in egg production or egg weight among hens that were 
fed the various experimental diet s (Tables LXXXIII and LXXXV). There was 
a significant vitamin- linear x protein-linear interaction effect upon the 
rate of egg production in Periods 3 , 7 and 8 and upon egg weight in Periods 
7 and 8, but these interactions were not significant in the overall analysis. 
With all experimental diets fed in this trial, the hens maintained high egg 
production and egg weight. Although the egg weight differences were not 
statistically significant, hens that were fed the 16- and 19-gram-protein 
diets produced slightly heavier eggs than hens fed the 13-gram-protein diet. 
Average body-weight-gain per hen was higher in this study than in 
Studies 2 and 3 (Table LXXXVI). This was to be expected since the hens in 
this study were fed diets that contained 350 Calories of metabolizable en-
ergy, while the diets fed in Studies 2 and 3 contained only 250 and 300 
Calories , respectively . Dietary vitamin-mineral concentrate had no signi-
ficant effect upon body-weight - change (Table LXXXVII). The linear effect 
of protein upon body weight gain was significant in the overall analysis 
and in the analrses for Periods 1 , 3, 4 and 11 . Body weight gain increased 
as dietary protein was increased. However, the real meaning of this was 
clouded by a significant vitamin-linear x protein-quadratic interaction 
that occurred in the analysis for Period 12 and in the analysis of the 
overall data . 
Feed consumption data and the analysis of variance for these data are 
presented in Tables LXXXVIII and LXXXIX, respectively. Both linear and 
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TABLE LXXXI 
NUMBER OF HENS PER TREATMENT AT THE END OF EACH TWENTY-EIGHT-DAY 
PERIOD, ST'f:JDY 4, TRIAL III ' 
Diet number 7 8 9 18 19 20 27 28 29 
Period.number ·Number of hens surviving 
1 10 11 11 11 11 11 10 11 11 
2 10 11 11 11 11 9 10 11 11 
3 10, 11 11 11 11 11 11 11 11 
4 10 11 11 11 11 11 11 11 11 
5 10 11 11 11 11 11 11 11 11 
6 10 11 11 11 11 11 11 11 11 
7 10 11 11 11 11 11 11 11 11 
8 10 11 11 11 11 11 10 11 11 
9 10 11 10 11 11 10 10 11 11 
10 10 11 10 11 11 10 10 11 11 
11 10 10 10 11 10 10 10 11 11 
12 · 9 9 10 11 10 10 10 11 11 
13 9 9 10 11 10 10 10 10 11 
TABLE LXXXII 
AVERAGE EGG PRODUCTION PER HEN, BY PERIODS AND OVERALLl, 
STUDY 4 j TRIAL III 
Diet number 7 8 9 18 19 20 27 
Period number Percent egg production 
1 73.9 77.3 70.5 80.8 79.2 80.2 81.4 
2 66.1 75.3 71.8 75.6 74.0 74.4 68.2 
3 78.2 76.6 65.6 75.6 75.0 76.3 66.2 
4 74.3 74.4 66.2 70.8 71.1 74.4 72.4 
5 71.1 72.4 64.3 70.5 70.1 75.0 70.5 
6 66.1 69.2 56.5 65.3 61.0 72.1 58.8 
7 72.1 64.6 56.2 66.6 62.7 72.4 57.l 
8 63.9 55.2 51.0 63.0 57.8 66.6 50.0 
9 57.5 45.4 56.8 60.1 55.5 62.9 54.3 
10 53. 9 46.1 57.5 55.8 4.6.1 57.1 60.7 
11 55.4 53.6 60.4 58.4 43.9 5.5. 7 60.7 
12 5.5.4 60.3 52.~ 1 52.6 58.9 ,58.2 ,52.9 
13 49.2 45.2 46.8 48.1 46.1 55.7 50.4 
Overalll 64.5 63.2 59.8 64.9 61. 9 68.1 61.9 
1 


















ANALYSIS OF VARIANCE OF DlG PRODUCTION DATA 
1!Y PERIODS AND OVERALL, STUDY 4, TRIAL III 
Period number 1 2 J I; ~ b 7 - - 8 9 10 11 12 · n Overal 
Source of variation iLf . t Mean squares 
Total d.f. 2 (96) (96) (97) (97) (97) (97) (97) (96) (94) (94) (92) (91) (90) (90) 
1llocks 10 36 170 50 61 46 146 298 311 6o 377 228 141 2o4 6303 
Vitamins: (V) (2) 
V (Linear) 1 l 28 0 5 0 7 0 4 ~ 0 3 9 19 629 L 
VQ (Quadratic) l l 17 16 0 0 0 2 12 34 134* 91 l 17 22 
Protein: (P) (2) 
PL l 
* 69 15 0 l 3 0 4 4 7 19 2 5 30 346 
PQ l 10 5 9 l 5 11 28 44 33 3 13 4 l 725 
Vitamin-protein 
interaction (4) - * 162* 6 26 7 154 VL x PL l 6 6 116 8 15 73 122 3 20 
VQ x PL l 13 12 6 11 17 68 10 3 9 o · 17 7 l 46o 
VL x PQ l l 26 l 22 12 3 2 l 6 0 4 33 2 29 
VQ X PQ l l 2 7 l 2 11 41 15 29 8 2 10 8 135 
·- 4 18 9 7 11 22 25 29 42 32 34 35 45 1737 Error 
Error d. f. 2 78 78 79 79 79 79 79 78 76 76 74 73 72 72 
--
l . 
d.f. - the degrees of freedom for blocks and for treatments are the same for each period analysis arid the overall 
analysis. · 
2Total d.f. and error d.f. - mortality may change the degree of freedom from period to period. The total d.f. are 
listed above the mean squares for each period and the error d.f. are listed below the mean squares for each period. 
..... *Significant at the 5 percent level. I.,.) 
00 




















AVERA(;E EGG WEI.GHT BY PERIODS AND OVERALL1, 
STUDY 4, TRIAL III 
7 8 ' 9 18 19 20 27 
Egg weight in grams 
52.9 52.8 53.8 55.6 54.5 55.5 54.4 
53.9 55.1 54.1 56.6 56.0 55.1 56.8 
57.0 56.1 56.1 58.7 58.3 57.4 57.8 
57.2 57.7 57.9 59.2 57.8 58.6 59.0 
58.7 57.8 58.8 60.6 59.6 59.4 60.4 
59.6 59.0 59.8 58.6 59.8 60.5 60.1 
60.4 59.9 59.2 62.1 61.0 60.9 60;8 
59.6 59.3 60.2 61.4 60.7 60.5 61.0 
59.0 57.5 59.0 61.9 60.5 61.4 60.6 
60.4 58.2 59.4 61. 9 60.6 62.4 61.0 . 
59.8 59.4 60 . 9 63.3 62.9 62.8 62.4 
61. 9 60.8 62.3 63.6 63.0 64.2 63.6 
63.9 61.1 63.5 64. 4 62 .1 60.4 64.1 
58.5 58 . 0 58.5 60.2 59.3 59.6 59.8 













61.2 62 . 2 
62.8 62.8 
63.0 63 . 0 
59.0 59 . 4 
TA?!LE LXXXV 
ANALYSIS OF VARIANCE OF EGG WEIGHT DATA 
BY PERIODS AND OVERAI,L, STUJ)Y 4, TRIAL III 
.Perrell'. nwii~er I 2· 3 lj: ~ 6 7 6 ~. rn II I2 I3 over an 
SoU:,-ce o:f variation d. f'. t Mean s9.uares 
. . 2 
Total .d.:f. (96) (96) (97) (97) (97) (97) (97) (96) (94) (94) (92) (91) (90) (90} 
Blocks 10 208 75 1i8 141 144 725 l.050 1516 1oo6 1053 7957 1417 1624 147 
Vi tarnins: (v) (2) 
VL (Linear) l 0 14 17 0 10 13 3 48 341 89 188 236 10 6 
* VQ (Quadratic) l 4 23 0 3 20 0 28 0 1084 461 126 63 74 10 
Protein: (P) (2) 
PL l 34 74 8 13 3 120 0 4 786 9 34 13 285 6 
PQ l 39 0 42 6 . 33 24 278 467 4o4 39 0 32 . . 82 15 
Vitamin-protein 
interaction (4) .. * VL x PL l 2 0 2 3 4 46 342 620 14 47 71 88 85 0 
VQ x PL l 0 l l 3 0 37 38 53 869 8 52 406 568 0 
VL x PQ l 5 19 l 3 0 91 9 199 45 - 16 6 17 53 0 
VQ x PQ l 5 '16 0 0 5 1 3 18 10 300 lo4 51 432 7 
Error 13 22 15 12 14 55 86 156 234 132 101 145 391. 12 
Error d.f. 2 78 78 19 79 .79 79 79 78 76 76 74 73 72 72 
1d.:f. - the degrees o:f :freedom :for blocks and for treatments are the same :for each period analysis and the overall 
analysis. 
~otal d.:f. and error d.:f. - mQrtality.may change the degrees of freedom f~om period to pertod. The total d.f. are 
listed above the mean squares for each period and the error d.f. are listed bel.ow the mean squares for each period. 
.... 
*Significant at the 5 percent level. ~ 
0 




















AVERAGE BODY WEIGHT GAIN OR LOSS BY PERIODS 
AND OVERALtl, STUDY 4, TRIAL III 
7 8 9 18 19 20 27 
Grams body weight gain or loss 
+ 25 - 42 - 44 + 36 + 53 + 43 +142 
+ 24 + 42 + 46 +105 + 66 +150 1 
- 16 + 21 + 23 +107 + 42 + 36 + 92 
+ 36 + 35 + 50 + 20 + 25 + 18 - 5 
+ 8 + 17 + 53 + 11 + 13 + 33 - 10 
+ 52 + 59 - 70 + 1 + 25 + 19 - 5 
- 1 - 34 - 4 - 65 - 56 - 38 - 36 
+ 42 - 5 - 19 + 15 + 66 + 57 + 9 
+ 21 - 25 + 21 + 11 + 38 + 31 + 29 
+ 25 7 + 99 + 30 - 5 + 44 + 32 
+ 30 - 36 - 25 + 75 + 40 + 17 + 35 
- 42 - 3 - 24 - 85 + 17 - 24 + 10 
+ 40 ,-167 - 53 + 9 - 16 + 30 + 20 
+251 -121 + 53 +180 +310 +413 +305 
- based upon cumulative data for all periods. 
141 
28 29 
+ 59 +121 
+106 + 42 
+ 33 + 35 
- 20 - 16 
+ 30 + 23 
- 33 - 32 
- 24 + 15 
+ 20 + 44 
+ 15 - 9 
+ 16 + 25 
+ 80 + 43 
- 48 + 8 
+ 31 + 18 
+263 +318 
TABLE IXXXVII 
ANALYSIS OF VARIANCE OF BODY WEIGHT GAIB OR LOSS DATA 
BY PERIODS AND OVERAU., STUDY 4, TRIAL III 
Fer!oa: num'6er I 2 l Ii ~ 6 7 8 9 IO II I2 I3 OveraII 
Source of variation d,f,:I: Mean squares! 100 
Total d.f. 2 (96) (96) (97) (97) (97) (97) (97) (96) (94) (94) (92) (91) (90) (90} 
Blocks 10 1787 3744 542 167 lo4l 1367 235 2006 599 3166 1518 5o4 999 43 
Vitamins: (V) (2) 
VL (Linear) l 14o 152 0 0 189 305 109 4 3 108 190 122 82 l 
VQ (Quadratic) l 223 41 0 3 0 118 57 l 27 401 4 25 67 11 
Protein: (1') (2) 
264~ 
* * * * 
PL l 26 301 472 19 219 l 54 5 41 638 9 348 47 
* 
PQ l 15 758 0 l2 0 86 34 220 lo4 l2 93 51 7 13 
Vitamin-protein 
interact.ion (4) 
VL x PL l 62 8 
* 240 18 6 251 85 264 34 1.54 66 4 139 7 
VQ X \ l 39 49 5 5 3 146 30 72 142 49 58 15 16 10 
.256 419 i8 176 542* * VL x PQ l 332 112 l 52 0 115 52 9 21 
J 
VQ x PQ l 34 ~379 22 4 13 .7 0 9 78 34 8 144 178 16 
Error 126 150 37 37 78 168 45 113 94 167 ll2 89 181 5 
Error d.f. 2 78 78 79 79 79 79 79 78 76 76 74 73 72 
72 
-
1d.f. - the degrees of freedom for biockB am....:tor treatments are the - for each period analysis and the over..11 
analysis. 
2.rotal d.f. and error d.f. - mortality may change the degrees of treedOlll frOlll period to period. The total d.f. are 
listed above the mean squares for each period and the error d.f. are listed below the mean squares for . each period, 
*Significant at the 5 percent level, t--' .i:-
N 
**Significant at the l percent level, 
Diet number 
TABLE LXXXVIII 
AVERAGE DAILY FEED CONSUMPTION PER HEN, BY 
PERIODS AND OVERALL1, STUDY 4, TRIAL III 
I 
7 8 9 18 19 20 27 
Period number Total grams of diet 
1 115.2 106.4 104.7 124. 2 120.3 126.2 107.6 
' 2 120.2 124.4 120.8 141. 7 130.1 133 . 6 118.1 
3 130.5 131. 8 134.9 135.0 132.2 136.9 123.5 
4 126.6 128.1 122.9 136.3 129.6 137.4 122.0 
' 
5 121.8 124.7 180.1 133.4 127.3 133.6 123.4 
6 116.6 115.3 97.2 119.2 113.1 122.6 107.2 
7 118.3 109.7 107. 7 120.0 113.1 124.4 106.2 
8 115.0 102.5 98.4 117.0 114. 6 130.5 111. 6 
9 109.0 95.2 102.0 115. 9 125.7 128.9 118.0 
10 104.0 95.2 105. 4 126.1 100. 5 122.2 107.3 
11 109.2 101. 9 105. 3 125. 9 106.1 120.3 112. 1 
12 122.2 118.1 107.3 110. 6 129.2 124.5 
! 
165. 8 
13' 121.4 160.1 105.4 145. 7 120.3 129.6 117. 7 
Overall 1 117. 7 11~ . 3 109.4 127.0 120.2 128.6 118.4 




126.4 127. 7 
127.6 128.6 
124.6 123.3 




112.1 117. 6 







ANALYSIS OF VARIANCE OF DAILY FEED CONSUMPTION DATA 
BY PERIODS AND OVERALL, STUDY 4, TRIAL III 
PeriocI num'tier I 2 j lj'. 5 15 7 8 9 Io II I2 I:3 OveralI 
Source of variation d.f.I Mean sauares 
Total d.f. 2 · (96) (96) (97) (97) (97) (97) (97) (96) (94) (94) (92) (91) (90) (90) 
'.Blocks 10 2473 55o6 2312 1709 2157 2518 4281 9316 2467 10742 8182 42287 5957 1954 
Vitamins: (V) (2) 
VL (Linear) l 0 0 2 l 469 2 68 22 47 ll 193 1415 1358 2 
* VQ (Quadratic) l 298 3 18 7 80 16 271 780 443 2386 1934 1182 1691 203 
Protein: (P) (2) 
* ** * PL l 16 84 531 99 10 460 6 1276 2982 982 827 42474 1089 774 
507tt ** ** ** * 447~ * * ** PQ l 3105 608 2157 3699 919 1177 2611 2584 1579 8017 5878 1371 
Vitamin-protein (4) 
interaction 
VL x PL l 448 227 0 54 318 . 211tt 1179 1554 113 30 35 3662 1000 35,2 
VQ x PL l l 343 16 352 1236* 965 7l 62 612 401 263 54 274 344 
VL x PQ l 39 821 105 19 571 15 26 559 1027 1158 443 4550 939 17 
VQ x PQ l 139 4 13 142 29 171 353 735 165 1031 178 2854 16 9 
Error 149 311 412 143 237 284 357 492 444 444 403 2572 1059 137 
Error d. f. 2 78 78 79 79 79 79 79 78 76 76 74 73 72 72 
---
1d.f. ~ the degrees of·freedom for blocks and for treatments are the same for each period analysis and tbe overall 
analysis. 
2.rotal d.f. and error d.f. - mortality may change the degrees of freedom from period to period. The total d.f. are 
listed above the mean squares for each period and the error a.f. are listed beloY the mean squares for each period. 
*Significant at the 5 percent level. r-' 
~ 
**Significant at the 1 percent level. .i::-
145 
' quadratic main effects of protein upon feed consumption were significant 
(P>0.05 and P>0.01, respectively). The desired feed intakes were 117, 
123 and 120 grams (Table XXV1) for the three groups of diets (7, 8, 9), 
(18, 19, 20) and (27, 28, 29), respectively. The actual feed intakes for 
these respective graips were approximately 113, 125 and 120 grams. Since 
the weights of Diets 27, .28 and 29 were more than the weights of Diets 7, 
8 and 9, and because Diets 18, 19 and 20 weighed more than either of the 
other two groups, it can be seen readily that the experimental design die-
tated both the linear and the quadratic main effect of protein upon feed 
intake. The volume of feed consumed per hen in this study was approximately 
247 milliliters (Table XC). The weights of vitamin-mineral concentrate 
consumed per hen are summarized in Table XCI. 
Since egg production was not improved by increased levels of dietary 
vitamin-mineral concentrate, the efficiency of utilization of vitamin-min-
eral concentrate decreased with each increase in dietary vitamin-mineral 
concentrate (Table XCII). Linear effects of dietary vitamin-mineral con-
centrate upon eff~ciency of utilization of the concentrate were significant 
at the 1 percent level of probability (Table XCIII). The vitamin quadratic 
effect upon efficiency of utilization of vitamins and minerals was again 
significant at the 5 percent level of probability. Although to a lesser 
degree than in Studies 2 and 3, efficiency of utilization of vitamins and 
minerals decreased faster with the first increase in dietary concentrate 
than with the second increase. 
Average protein consumption per hen was very close to the desired 
levels (Table XCIV). Within each protein intake group, the efficiency of 
utilization of protein (Table XCV) was nearly equal. However, as dietary 
protein was increased, the efficiency of utilization of protein decreased. 
TABLE XC 
AVERAGE DAILY VOLUME OF FEED CONSUMPTION PER HEN 
BY PERIOD AND OVERALLl, STUDY 4, TRIAL III 
Diet number 7 8 9 18 19 20 27 28 
Period number Milliliters of feed actually consumed 
1 242 224 220 261 253 265 226 223 
2 228 236 230 283 260 267 236 253 
3 274 277 283 283 278 287 247 255 
4 253 256 246 300 285 302 256 262 
5 244 249 216 293 280 294 259 237 
6 233 231 194 262 249 270 225 243 
7 237 219 215 264 249 274 223 237 
8 230 205 197 257 252 287 234 234 
9 218 190 204 255 276 283 248 235 
10 208 190 211 277 221 269 225 233 
11 218 204 211 277 234 265 235 235 
12 244 236 215 243 284 274 348 304 
13 243 212 211 321 265 285 247 245 
Overall 1 236 226 220 275 260 279 247 246 
1 . 



















AVERAGE DAILY CONSUMPTION OF VITAMIN-MINERAL CONCENTRATE PER HEN, 
. BY PERIODS AND OVERALL!, STUDY 4, TRIAL III 
Diet number 7 18 27 8 19 28 9 20 29 
Desired cons. {S!• ~ 1. 065 1.490 1. 915 
Period number Grams of vitamin-mineral concentrate actually consumed 
1 1.445 1. 535 1.441 1.870 2.081 1,869 2.376 2.840 2.466 
2 1.569 1. 771 1.529 2.273 2.275 2.247 2.838 3.005 2.924 
3 1.636 1.668 1.598 2.316 2.288 2.i73 3.060 3.079 2.945 
4 1.156 1.160 1.075 1.637 1.542 1.537 2.019 2.198 1.953 
5 1.112 1.135 1.087 1.593 1.515 1.389 1.773 2.138 1.912 
6 1.065 1.014 0.945 1.473 1.346 1.424 1. 596 1. 962 1. 914 
' 
7 1.080 1.021 0.935 1.402 1.346 1.394 1. 769 1. 991 1.858 
8 1.050 0.996 0.983 1.310 1.363 1.372 1. 616 2. 08'1 1.886 
9 0.,9,95 0.986 1. 040 1.216 1.495 1.382 1. 674 2.062 1.863 
10 0.950 1.073 0.945 1.217 1.196 1.366 1. 731 1. 955 1. 741 
11 0.997 1.071 0.987 1.302 1.263 1.379 1. 729 1. 925 1.789 
12 1.116 0.941 1.460 1.510 1.538 1. 784 1. 761 1.991 2.992 
13 1.109 1.240 1.037 1.354 1.432 1.440 1. 731 2.073 1.944 
Overall 1 Ll76 1.201 1.158 1.581 1.595 1.604 1.984 2.264 2.168 
l0verall - based upon cumulative data for all periods. 
TABLE XCII 
EFFICIENCY OF UTILIZATION OF1VITAMIN-MINERAL CONCENTRATE BY PERIODS 
AND OVERALL, STUDY 4, TRIAL III 
Diet number 7 8 9 18 19 20 27 28 
Period number Grams of concentrate per gram of· egg 
1 0.037 0.046 0.063 0.034 0.048 0.064 0.033 0.043 
2 0.044 0.055 0.073 0.041 0.055 o. 073 0.039 0.051 
3 0.037 0.054 0.083 0.038 o. 052 · 0.070 0.042 0.051 
4 0.027 0.038 0.053 0.028 0.038 0.050 0~02ij 0.038 
5 0.027 0.039 0.047 0.027 0.036 0.048 0.026 0.034 
6 0.028 0.037 0.047 0.027 0.037 0.045 0.027 0.038 
7 0.025 0.036 0.053 0.025 0.035 0.045 0.027 0.034 
8 0.028 0.040 0.053 0.026 0.039 0.052 0.032 0.040 
9 0.029 0.045 0.050 0.027 0.045 0.053 0.032 0.040 
10 0.029 0.045 0.051 0.032 0.043 0.055 0.026 0.044 
11 0.030 0~041 0.047 0.029 0.046 0.055 0.027 0.044 
12 0.033 0.041 0.054 0.028 0.041 0.053 0.043 0.057 
13 0.035 0.049 0.058 0.040 0.050 0.062 0.032 0.045 
Overal11 0.031 0.043 0.057 0.031 0.043 0.056 0.031 0.043 


















ANALYSIS OF VARIANCE OF THE VITAMIN-MINERAL CONCENTRATE EFFICIENCY DATA 
llY PERIODS AND OVERALL, STUDY 4, TRIAL III 
Period number l 2 3 4 5 ~ 7 8 9 10 11 12 13 Overall 
Source of variation d.f. Mean squares 
· Total d.f. 2 (96) (96) (\17) (97) (97) (97) (97) (96) (94) (94) (92) {91) (90) (90) 
l!locks 10 79 84 70 164 100 . 361 690 5827 403 936 857 746 529 103 
Vitamins:. (V) (2) 
2469 - - - - - - - t* 437t* . - - ** ** VL (Linear>, l 1458 2358 5145 4311 4o68 5012 6300 337 3479 2758 1677 3110. 
** 88 * * * VQ(Quadratic) l 13 l 9 102 94 109 4o6 475 923 564 19 82 66 
Protein: (~) (2) - * PL l 96 57 4 42 38 0 29 11 2 282 16 217 96 0 
PQ l 24 2 6 9 6 l2 90 1117 82 198 22 · 315. 0 0 
Vitamin-protein 
interaction (4) -VL x PL l 6 3 lo4 0 5 21 256 370 12 287 130 7 2 0 
VQ x PL l 14 6 0 0 10 39 3 102 14 36 0 6 103 4 
* VL x PQ l 5 14 10 30 ll 0 26 1885 305 188 0 131 8 0 
VQ x PQ· l 4 0 3 2 0 l l2 63 0 3 l 5 2 0 
Error 7 13 l2 l2 25 59 65 387 125 145 .• lo4 l20' 113 15 
Error- d.·f. 2 78 78 79 79 79 79 79 78 76 76 74 73 72 72 
--
. 1d.f. - the degrees of freedom for blocks and :for treatments are the same :for ea.ch period. analysis and the overall 
anaiysis. · · 
2Total d.f. and error d.:f. - mortality may ·change the degrees of freedom :from period to period. The total d.f. 
are listed above the mean squares for each period and the error d.f. are listed below the mean squares :for each period. 
*Significant at the 5 percent level. 






AVERAGE DAILY CONSUMPTION OF PROTEIN PER HEN, 
BY PERIODS AND OVERALLl, STUDY 4, TRIAL III 
7 8 9 18 19 20 27 
Desired cons. !8!!!• l 13 16 
Period number Grams of protein actually consumed 
1 12.44 11.50 11.31 16.27 15.76 16.54 16.90 
2 13.46 13.93 13.53 18.70 17.17 17.64 18.90 
3 14.09 14.23 14.57 17.68 17.32 17. 93 19.76 
4 14.18 14.35 13. 77 17.58 16. 72 17.72 19.28 
5 13.64 13. 96 12.09 17.21 16.43 17.24 19.49 
6 13.06 12.91 10.88 15.38 14.59 15.82 16.94 
7 13.25 12.29 12.07 15.48 14.59 16.05 16. 77 
8 12.88 11.48 11.02 15.09 14.78 16.83 17.63 
9 12.20 10.66 11.42 14.95 16.21 16.62 18.64 
10 11.65 10.67 11.81 16.27 12.97 15. 77 16.95 
11 12.23 11.41 11.80 16.24 13.69 15.52 17. 71 
12 13.69 13.23 12.01 14.26 16.67 16.06 26.19 
13 13.60 11.87 11.80 11. 79 15.52 16. 71 18.60 
Overanl 13.10 12.51 12.17 16.45 15.58 16.67 18. 74 

















18.67 19. 71 
Diet number 
TABLE XCV 
EFFICIENCY OF UTILIZATION OF PROTEIN BY 
PERIODS AND OVERALL!, STUDY 4, TRIAL III 
7 8 9 18 19 20 27 
Period number Grams of protein per gram of egg 
1 0.32 0.28 0.30 0.36 0.37 0.37 0.38 
2 0.38 0.34 0.35 0.44 0.41 0.43 0.49 
3 0.32 0.33 0.40 0.40 0.40 0 41 0 52 
4 0.33 0.33 o.~6 0.42 0.41 0.41 0.45 
5 0.33 0.33 0.32 0.40 0.39 0.39 0.46 
6 0.33 0.32 0.32 0.40 0.40 0.36 0.48 
7 0.30 0.32 0.36 0.37 0.38 0.36 0.481 
8 0.34 0.35 0.36 0 39 0.42 0.42 0.58 
9 0.36 0.39 0.34 0.40 0.48 0.43 0.57 
10 0.36 0.40 0.35 0.47 0.46 0.44 0.46 
11 0.37 0.36 0.32 0.44 0.50 0.44 0.47 
12 0.40 0.36 0.37 0.43 0.45 0.43 0.78 
13 0.43 0.43 0.40 0.61 0.54 0.50 0.58 
Overall! 0.35 0.34 0.35 0.42 0.42 0.41 0.51 


















AN~SIS OF VARIANCE OF THE PROTElN EFFICimCY DA'l'A 
'BY PERIODS AND OVERALL, STUDY 4, TRIAL III 
Period number I 2 3 lj: :i li I ·~ 2 !0 ll Jg . 13 overan. 
Source of variation d.f.I Mean squares 
Total d.f.2 • (96) (96) (97) (97) (97) (97) (97) (96) (94) (94) (92) (91) (90) (90) 
lllocks· 10 1.70 1.43 o.84 1.17 l.64 2.78 5.12 8.20 1.74· 5.20 4.73 . 3.92 3.93 0.57 
Vitamins: (V) (2) 
VL (Linear) l 0.02 0.48 0.24 0.07 0.29 0.21 0.07 o.oo o.o6 0.03 O.l2 o.04 o.66 0.01· 
VQ (Quadratic) '1 0.34· 0.51 . o.49· 0.02 o.oo O.Ol o.04 o.oo l.85 3.23 2.07 o.04 0.10 o.oo 
Protein: (P) (2) 
8.~ 8.o!* -· - ** of:' - - - * -·· - -·pL i 12.68 10.32 l2.4o 14. .15.90 ll.20 9.72 5.o6 10.87 18.34 0.36 ll.74 · 
PQ l 1.5tt* 0.38 o.oo 0.17 0.25 0.00 0.30 o.42 0.09 1..32 0.55 1.1.4 0.02 0.(,11 
Vitamin-protein 
interaction (4) -Vi. x Pr; l 0.15 0.05 1..62 o.04 0.05 0.23 l.88 2.26 o.oo 1.01 1..0'1 0.02 0.01 o.oo 
VQ x PL l 0.38 O.ll O.ll. 0.05 0.10 o.68 0.25 · o.oo o.46 o.64 o.o8 0.0'7 0.78 0~10 
.VL x PQ l 0.01 0.15 o.oo 0.30 0.07 . 0~15 0.01 0.55 i.66 .0.34 0~07 0.21 0.03 0.00 
VQ x J'Q l 0.15 o.04 0,05 0.00 0.03 O.ll 0.31 0.02 0.05 0.01 0.01 0.01 o.oo o.oo 
Error O.ll 0.22 0.21 o.oa 0.24 0;43 o.48 0.61 0.85 0.90 o.68 0~73 o.88 0.13 
Error d.f. 2 78 78 · 79 19 79 79 79 78 76 76 74 73 72 72 
l .. . . . . . . --
· d.f •. - the degrees o'f freedom for blocks and for treatments are,fil~ same for· each period analysis and the overall 
analysis. · , · · · 
~otal d.f. and error d.f. - mortality may change the degrees .of freedom from period to period. The total d.f. 
are listed above the mean squares. for each period and the error d.f. are listed below the mean squares. for each period. 
*Significant at the 5 percent level. 
I-' 
**Significant at the l percent level. VI 
N 
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This linear dietary protein effect upon the utilization of protein was sig-
nificant at the 1 percent level of probability (Table XCVI). 
Summary of Studies 2, 3 and 4 
Results 
Studies 2, 3 and 4 all involved experimental diets that contained 
graded levels of vitamin-mineral concentrate combined with graded levels 
of protein. Dietary protein levels of 13, 16 and 19 grams were fed in all 
three studies, but the three levels of vitamin-mineral concentrate that 
were fed in each study increased as dietary energy was increase~, ~n Study 
2, the three intake levels of protein were combined with 250 Calories of 
energy and graded vitamin-mineral concentrate intake levels of 0.215, 0.640 
and 1.065 grams. The combinations of energy and vitamin-mineral concen-
trate that were fed in Studies 3 and 4 were 300 Calories-with 0.640, L06S 
and 1.490 grams and 350 Calories with 1.065, 1.490 and 1.915 grams, respec1-
tively. The results of Studies 2, 3 and 4 may be compared under the assump-
tion that as dietary energy is increased all other nutrients must be in-
creased proportionately. If this assumption is not true, or if the proper-
. 1/ 
tionate increases in dietary vitamin-mineral concentrate are not correct, 
these comparisons will be of little value. 
Livability of hens was generally good in all three studies. None of 
the experimental diets had any appreciable effect upon the mortality of 
the hens. Egg production was higher among the hens in Study 3 than among 
those in Studies 2 or 4. In Study 2, there was a significant linear effect 
of protein intake upon egg production. Hens that were fed diets that con-
tained 13 grams of protein produced more eggs than those fed 16 or 19 grams 
of protein. There were no significant effect;s of dietary protein upon egg 
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produc,tion in either of the other two studies. Data from Study 3 showed 
that as dietary protein was increased there was a linear increase in egg 
weight (P > 0. 05). This trend was· not evident in either of Studies 2 or 4. 
Egg weight wa.s essentially the same in all three studies. 
Body weight gain progressively increased from the 250-Calorie diets 
that were fed in Study 2 through the 350-Calorie diets that were fed in 
Study 4. Hens in Study 2 all lost weight. They weighed less at the close 
of the experiment than at the beginning; With the exception of hens that 
were fed Diet 6, the hens in Study 3 gained body weight. Hens that were 
fed Diet 8 were the only ones to lose weight in Study 4. Those hens that 
were fed Diets 7, 19, 20, 27, 28 and 29 in Study 4 gained more than one-
half pound each. Linear effects of dietary protein upon body-weight-change 
were evident in all three studies. These effec~s were significant at the 
5 percent level of probability in the overall analyses of Studies 2 and 4. 
However, vitamin x protein interaction effects upon body-weight-change were 
significant in all three studies. The effects of. protein upon body weight 
were always linear, but not always in the same direction. 
Because of the high volume of the diets that were fed in Study 2, and 
because the hens were apparently trying to compensate for low dietary energy, 
feed consumption was higher than in Studies 3 and 4. Feed consumption in 
Study 3 was also higher than in Study 4. The linear effects of protein 
upon feed consumption were significant in all three studies. Quadratic 
protein effects upon feed consumption were significant in Studies 2 and 4. 
A possible reason for both of these effects was explained under the results 
for the separate studies. The volume of feed consumed per hen per day was 
approximately 446, 324 and 250 milliliters in Studies 2, 3 and 4, respect-
ively. 
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Vitamin-mineral concentrate consumption was higher in all stu,dies than 
was expected, but there were five definite intake levels. Since the vita-
min-mineral concentrate was consumed at higher levels than calculated, it 
was deemed unnecessary to present the specific vitamin and mineral intakes 
for each of the experimental diets. The calculated vitamin and mineral in-
takes in Table XXIII are minimums for the actual intake level. Linear and 
quadratic effects of dietary vitamin-mineral concentrate upon the efficiency 
with which the concentrate was utilized were significant in all three stud-
ies. The linear effects were to be expected, since increasing the level of 
dietary vitamin-mineral concentrate did not increase egg production. The 
quadratic effects were apparently caused by the efficiency of utilization 
of vitamin-mineral concentrate decreasing faster with the first increase 
in dietary concentrate than with the second increase. In Study 2, there 
were significant linear protein~intake effects upon the utilization of vi-
tamins and minerals. As dietary protein was decreased, the efficiency of 
utilization of vitamin-mineral concentrate improved. There was also a sig-
nificant vi·tamin-linear x protei,n-linear interaction in this study. 
Pro.tein consumption per hen increased with each protein intake group 
as dietary energy was reduced from Study 4 .to Study 2~ The protein intake 
levels were slightly over 15, 18 and 23 grams in Study 2, while the respec-
tive levels were approximately 14, 17 and 20 for Study 3 and 12.5, 16 and 
19 for Study 4. As dietary protein was increased, the efficiency of utili-
zation of protein decreased. This was to be expected, since the increased 
levels of protein did not improve egg production.· 
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TABLE XCVII 
FACTORIAL DESIGN,' STUDY 51 , TRIAL III, THE EFFECTS OF ENERGY AND VITAMI~-
MINERAL CONCENTRATE CONSUMPTION, WITH 16 GRAMS OF. PROTEIN, UPON THE 
PERFORMANCE OF LAYERS 
Desired 
daily 





Desired daily vitamin-mineral 
concentrate consumption.(gm.) 



















1study 5 - All experimental diets in this study were calculated to 
supply 16 grams of protein per hen per day. 
2(M.E.) ,- metabolizable energy, Titus (1955). 




Livability of the hens in this study was not seriously affected by 
any of the experimental diets (Table XCVIII). Mortality was higher among 
the hens that were fed Diet 14 than among hens that were fed the other 
diets. Even in this case, the mortality was not severe. Egg production 
increased with each increase in dietary energy (Table XCIX). Rens that 
were fed diets thai.contained 300 Calories produced more eggs than those 
fed eith,er the 250- or the 350-Calorie diets. Hens. fed the.350-Calorie 
diets produced more eggs than hens fed the 250-Calor.ie diets; consequently, 
both the linear and quadratic effects of energy upon egg production'were 
statistically significant (P>0.05, Table C). There were no significant 
effects of dietary vitamin-mineral concentrate up~n egg production. Vita-
. ~in x energy interacti~ns were also non-significant in this study. 
Egg weight increased slightly with e~ch increase in dietary .. energy 
(Table CI). This trend was not statistically significant (Table :cII) at 
the two comm.on levels of probability reported herein, but it was signifi-
1 . 
cant at the 10 percent level of probability. Both linear and.quadratic 
effects of dietary vitamin-mineral concentrate upon egg size were sig~ifi-
cant in the analysis for Period 12. However, there were also three types 
of vitamin x energy _interaction significant in the same period analysis, 
which confused the meaning of any main effects that wer.e significant. 
When all experimental diets were considered, there was a linear trend . ,. 
for body-weight-gain to increase as dietary energy was increased (Table 
CII). The linear effects of energy consumption upon body weight gain were 
significant at the 1 percent leve,l. of probability (Table CIV). When over-· 
.all body weight gains of the hens that were fed. Diets 11, 14 and 17 were 
TABLE XCVIII 
NUMBER OF HENS PER TREATMENT AT THE P;ND OF EACH 
TWENTY-EIGHT-DAY PERIOD.,, STUDY 5, TRIAI. III . 
' . . ·-
Diet number 11 12 13 14 15 16 
Period number Number·of·hens 
1 11 11 11 11 11 11 
2 10 11 11 11 11 11 
3 10 11 10 10 11 11 
4 10 11 10 10 11 11 
5 10 11 10 10 11 11 
6 10 11 10 10 11 11 
7 10 11 10 10 11 11 
8 10 11 10 10 11 11 
9 lQ 11 10 9 11 11 
10 10 10 10 9 11 11 
11 10 10 10 9 10 11 
12 10 10 10 8 10 11 
13 10 10 10 8 10 11 
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17 18'..' 19 
11 11 11 
11 11 lL 
11 11 11 
10 11 11 
11 11 11 
11 11 11 
11 11 11 
11 11 11 
11 11 11 
11 11 11 
11 11 10 
11 11 10 
11 11 10 
Diet number 
TABLE XCIX 
AVERAGE EGG PRODUCTION PER HEN, IN PERIODS 
· · AND OVERALL1, STUDY 5, TRIAL III 
11 12 13 14 15. 16 ·17 
Period number Percent egg production 
1 71.4 79.2 63.3 77.3, 78.2 74.7 75.0 
2 75.9 74.4 63.0 78.5 75.6 64.3 74.4 
3 71.4 75.3 68.9 76.4 72. 7 68.2 71.1 
4 52.1 66.9 49.3 72.5 72.4 67.9 64.9 
5 54.3 69.2 45.0 75 .• 7 67.5 65.6 64.6 
6 59.3 60.7 47.5 69.6 60.4 61.0 61. 7 
7 55.0 59.1 60.0 73.9 64.3 57.5 62.3 
8 53.9 68.5 59.3 67.1 64.3 55.2 59.1 
9 56.8 62.3 57.1 64.7 65.3 60.4 57.5 
10 47.1 52.1 53.6 61.9 66.6 53.2 55.2 
11 50.4 44.3 52.9 68.3 64.3 46.4 54.5 
12 44.3 48.6 47.5 62.3 64.6 51. 6 54.5 
13 30.7 35.0 38.2 55.8 64.6 46.1 50.0 
OveraU 1 55.7 61. 6 54.4 70.1 67.8 59.4 61.9 


















ANALYSIS.OF VARIANCE OF EGG PRODUCTION·DATA 
BY PERIODS AND OVERALL, STUDI 5, TRIAL III 
Period number ______ l_ -2 ---3- Ji 5 b 7 s 9 Io 11 12-------u OveraLI. 
Source of variation d.f. Mean squares 
Total d.f'. 2 (98) (97) (95) (95) (95) (95} (95) (95) (94) (93) (91) (91) (90) (90) 
l!locks 10 147 249 95 113 101 217 228 279 666 255 154 402 579 21681 
Vitamins: (V} (2) 
VL (Linear) l 6 92* 5 0 20 · 54 16 9 5 20 105 0 l 2670 
VQ (Quadratic) l 61 25 14 78 70 6 4 85 35 49 17 10 48 4838 
Energy: (E) (2) 
~ 
64* . 23 6 - -l 199 183 55 48 0 0 5 * 26!:' 8350* 16 110 
EQ l 6 0 l 117* 83 30 67 153* 
* . * ** 8611* 30 9 1.17 121 316 
VUamin-energy 
interaction (4) 
VL x EL l 32 23 9 .17 46 25 3. 7 l 47 28 0 20 99 
VQ X ~ l 29 l 6 68 158* 37 2 35 10 11 63 3 36 536 
VL x ~ l 0 6 13 l 7 7 88 26 3 9 96 2 0 2148 
Vq x~ l l 19 6 17 11 2 17 31 3 10 7 95 79 2104 
Error 16 16 9 22 24 28 32 23 23 33 27 26 33 1885 
2 80 79 Error d.f .. 77 77 77 77 77 77 76 75 73 73 72 72 
1ci.f. - the degrees of freedom for blocks and for treatmexits are the same f'or each period aua.fysiS and the overall 
analysis. 
2.rotal d.f'. and error d~f. - mortality -y change the degrees of' freedom from period to period. The total d.f'. 
are listed above the mean squares for each period and the error d.f'. are listed below the mean squares for each period. 
*Significant at the. 5 percent level. 
I-"' 
~ignif'icant at the l percent level. 0\ 0 
Diet number 
TABLE CI 
AVERAGE EGG WEIGHT BY PERIODS AND OVERALL1, 
STUDY'S, '.!'RIAL III 
11 12 . 13 14 15 16 17 
Period number Egg weight in grams 
1 54.8 54.4 54.2 54.1 53.2 54.7 54.9 
2 56.8 55.4 54.6 55.5 54.7 56.3 56.0 
3 57.6 59.1 57.2 57.2 56.3 58 •. 1 58.0 
4 57.6 57.2 57.8 58.7 57.5 59.0 59.1 
5 58. 7 58.l 64.0 59.2 58.4 59.6 60.l 
6 59.3 59.0 58.6 59.9 58.9 60.5 60.6 
7 59.9 59.3 59.1 59.8 59.2 60.0 60.7 
8 59.5 60.2 .59.2 60.0 59.0 60.9 60.5 
9 60.3 60.0 59.0 59.0 59.1 61.l 60.6 
10 59.1 59~6 59.5 59.9 58.7 60.7 60.9 
11 60.5 60.3 59.8 61.4. 60.1 61.6 61. 7 
12 61.0 59.7 60.5 61.9 61.3 63.5 62.2 
13 61.0 59.6 61.8 6.2.0 61.8 63.4 60.7 
Overall 1 58.6 58.4 58.5 58.9 58.1 59.7 59.5 


















ANALYSIS OF VARIANCE OF EXlG WEIG.llT DATA 
·. Bf PERIODS AND OV)mALI,1 STUDY 5, TRJ:At III 
Period numb.er l 2 3 Ii 5 l, 7 S. 9 10 '. 11~· 13 -----:Overaii 
Source of variation d.f. . Mean S!luares 
Total d.f. 
2 
(98) (97) (95) (95) (95) (95) (95} (95) ' (94) (93) (91) (91) (90) . (90) 
Blocks 10 121 111 123 616 1287 . 1683. 1o6Ji. 647·. 5994 . 117 2021 1450 3170 . 56 
Vitamins: (V) (2)' 
V L -,{Linear) l 0 9 0 4 28 .: 7· 2, 52 39 83 l -344 29 ·l 
* 
VQ (Quadrat:1:c) l 0 0 2 53 69 9 l 22 0 95 86 98 157 0 
Energy: (E) (2) 
Bi. ,, 1 7 8 2·. 50 92 17 70 7 5 l 37 25 1039 . 29 
EQ i 13 10 25 87 ,53 69 25 -6' 250 l.56 191 34 554 0 
v:i. ta.min-energy 
interaction (4) 
VL x Bi, l 0 13 1 209 477. 315 117 75. l.}2 56 6 * 116 154 0 
vQ.x Ex, l. 1 0 22. 41 38 .. 77' 303 . 56 ·-3- 15 '73 315 35 1 I . 
VL x EQ l 0 0 0 6 0 1. 302 54 3 21 50 85* 367 0 
\rQ X EQ l 2i io 6 34 . 49 25 2 35 13 258 36 8 209 5 
···-
Error 6 10 . 12 84 131 81 .127 47 154 · 117 177 l8 337 .8-
Error d.f. 2 80 79 77 77 77 77 77 77 76 75 73 73 72 72 
1d.;. - the degt'~es of freedom for blocks 'and for trea\inents are the same for each period analysis and the overall 
analysis. · · · ,. · · · · 
2Total d,f; anc1 error d.f. - ~tality may change the degrees of freedom from perii>d to per:iod. The total. d.:r •. 
are listed above the JDe$11. squar.es for each period and the error d .• f' ~ are listed below the mean squares for each period, 
*Significant at· the 5 percent level. 




AVERAGE BODY WEtGHT GAIN OR LOSS BY,PERIODS AND OVERALL1, 
STUDY 5, TRIAL III 
Diet number 11 12 13 14 15 16 17 18 
Period number Grams body weight gain or loss 
. 1 - 72 - 90 - 44 - 22 - 62 - 43 - 19 + 36 
2 + 18 + 15 - 25 + 78 +120 + 76 + 37 +105 
3 - 70 - 39 - 2 - 9 + 30 + 15 + 70 + 16 
4 - 74 - 5 -111 - 25 + 3 - 19 + 60 + 20 
5 + 63 - 36 + 84 + 56 + 26 + 35 + 5 + 11 
6 - 92 - 85. - 64 + 5 - 21 - 40 + 41 + l 
7 - 26 + 52. - 13 - 6 - 9 - 72 - 44 - 65 
8 +103 + 35 + 73 + 38 - 39 + 94 - 55 + 15 
9 - 55 - 85 - 53 + 4 +107 + 9 + 4 + 11 
10 - 7 - 14 + 78 + 61 + 43 + 38 +125 + 30 
11 + 63 +103 - 7 + 27 + 29 + 16 + 37 + 76 
12 + 10 - 52 - 13 - 43 - 39 - 65 - 40 - 85 
13 + 5 + 23 - 45 + 31 + 17 + 14, + 19 + 9 
Overa111 -140 -189 -137 +202 +209 + 58 +235 +180 
· ......... -· -·-·· 1 -· . 


















ANALYSIS OF VARIANCE OF BOJ;)Y WEmlrl.' GAIN OR LOSS DATA 
BY PERIODS AND OVERALL, STUDY 5, TRIAL III· 
Period number l 2 3 4 5 b 7 8 9 ic,--- ~12 13 Overall · 
Source of variation d.1'.I Mean siuares ~ 100 
Tota_l d. f .'2 (98) (97) (95) (95) (95) (95) (95) (95) (94) (93) (91) (91) (90) (90) 
Blocks 10 1363 934 526 272 362 _ 1621 612 2955 1194 923 512 432 446 30 
Vitamins: (V) (2) 
VL {Linear) l 110 3 54 43 l 17 98 423 32 96 112 0 154 l 
* -- * * 266* VQ {Quadratic) l 42 33 12 161 -360 61 . 179 462 6o 142 345 56 l 
Energy: {E) (2) - * - - * - 56!* 981* -~ l 1396 776 996 1378 114 1570 532 109 l 74 17 201 
81 7o4* - 96 17*_ EQ l 22 0 53 12 l 10 877 23 157 96 
Vitamin-energy 
interaction (4) 
VL x ~ l 52 115 242* l 3 46 14 6o1*· 28 1222- 123 148 6 0 
VQ X ~ l 6 22 11 177* 4~ 0 * - 545* _ 46 123 55 180 lo4 121 l 
* 54 165* 140* VL x EQ _l 297 3 13 10 132 38 3 7 9 l,6 2 
VQ X ~ l 0 11 90 50 23 lo6 333 * 3o4 164 2 18 234* 3 15 
Error 66 118 43 35 26" 116 31 139 89 97- 66 58 .113 4 
Error d.£, 2 ~ 79 77 77 77 77 77 77 76 75 73 73 72 72 
l . . . . 
d.1' .... the degrees of freedom for blocks and for treatments are the same for each periodanal.yJ;is and the overall 
analysis. 
2.rotal d.f. and error d.f. - mortality _.y change the degrees of :freedom from period to period •. The total d.f. are 
listed above the mean squares for each period and the error d.f. are listed below the mean squares for eac~ period. 
..... 
*Significant at the 5 percent level. (J'\ 
.i::-
**Si!!llificant at the l percent level. 
165 
compared, a linear trend due to energy level was obvious. These diets con-
tained 0.640 grams of supplemental vitamin-mineral concentrate and 250 Cal-
ories of metabolizable energy. A comparison of Diets 12, 15 and 18 which 
contained 1. 065 grams of vitamin-mineral concentrate and 300 Calories of 
metabolizable energy showed a quadratic effect of energy. Diet 15 produced 
the most body weight gain per hen. Diets 13,. 16 and 19 also produced a 
linear effect of energy upon body weight gain. Body-weight-changes in hens 
that were fed Diets 12, 15 and 18 probably account for the quadratic effect 
of energy that was significant at the 5 percent level of probability in the 
overall analysis. Quadratic vitamin effects upon body weight gain were 
significant in the analyses of variance for Periods 4, 5, 7, 11 and 12. 
With 250 Calories of metabolizable energy, the second level of vitamin-
m.ineral supplementation (1. 065 grams) allowed less body weight loss per 
hen during periods 4, 5, 7 and 11 than either of the other two supplementa-
tion levels (0.640 or 1.490 grams). H~wever, in Period 12 the second level 
of vitamin supplementation brought about the most body weight loss. In 
' . 
Periods 4, 11 and 12, the second level of vitamin supplementa.tion with 300 
Calories of metabolizable energy produced less body weight loss per hen than 
either of the other two supplementation levels. In Period 5, hens that were 
fed the second level of vitamins and 300 Calories of metabolizable energy 
gained less than hens fed the other two levels. In Period 7, body weight 
loss per hen increased as dietary vitamin-mineral concentrate was increased. 
Significant vitamin x energy interactions were most prevalent during the 
same periods (4, 5, 7, 11 and 12), so that the vitamin quadratic main effects 
were significant. The net effect of vitamin-mineral concentrate intake up-
on body weight change was not significant in the overall analysis. 
Data on the average daily feed consumption per hen, analysis of var-
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iance of daily feed consumption data and average daily voltffl:le of feed con-
sumption per hen are presented in Tables CV, CVI and CVII, respectively. 
These data show that as dietary energy was increased, bot:h weight and vol-
ume of feed consumption per hen decreased. This trend was statistically 
significant at the 1 percent level of probability. The decrease in feed 
consumption per hen was not as great when the experimental diets were in-
creased from 300 to 350 Calories as it was when the diets were .~ncreased 
from 250 to 300 Calories. Thus a quadratic curve was formed in Periods 1, 
2, 6, 7 and 9 which was significant at the 5 percent level of probability. 
The net quadratic effect of energy up0n feed corlsumption was also signifi-
cant in the overall analysis. The effects of vitamins upon feed consumption 
J)er hen were significant only in Ped4;)d& 9 and 11. During these periods 
slightly lesi feed was consumed.a~ong the hens that were fed 1.490, grams 
of vitamin-mineral concentrate. Thi-a same trend was evident in the over-
all analysis, even though it was not statistically significant. 
Energy consumption was slightly higher than desired among hens that 
were fed diets that contained 250 and 300 Cal~ries, and it was slightly 
lower than desired among hens that were fed diets that contained 350 
. '·. ..• '~ ·. 
Calories. The average level of energy int.ake for each of these, __ t"espective 
groups was 293,- 324 and 34.7 Calories (Table CVIII). Egg production in-
creased enough with each dietary increase in energy to offset a linear> de-
cline in efficiency (Table CIX). However, the quadratic effect upon egg 
production which was bro~ght about by the level of energy was evident again 
\~. 
in the efficiency data. Energy was utilized most efficiently by the hens 
that were fed the 300-Calorie diets. This energy quadratic effect upon 
the efficiency of utilization of energy was significant at the 5 percent 
level of probability (Table CX). The effects of vitamins upon the utili-
Diet number 
TAB~E CV 
AVERAGE DAILY FEED CONSUMPTION PER HEN, BY 
. PERIODS AND OVERALLl, STUDY 5,. TRIAL III 
11 12 13 ·14 15 16 , 17 
Period number Total grams of diet 
1 133.1 135.6 120.3 118.0 119.6 117.0 119.2 
2 168.6 170.1 151.8 144.5 136.6 135.5 13().9 
3 157.4 167.4 144.1 142.2 135.8 141.4 132.6 
4 154.2 157.7 145.8 145.7 135.0 145.6 129.5 
5 160.6 164.4 156.0 145.0 134.3 144.2 124.4 
6 153.5 158.2 152.9 132.3 111.4 120.5 116.5 
7 153.0 158.7 154.3 132.S 121. 7 120.9 122.5 
8 140.4 147.2 141.7 129.0 116.5 118.9 111. l 
9 142.·9 152.3 143.3 134.1 124.5 123.6 134.4 
10 143.0 153.7 157.6 118.1 124.5 122.4 112.6 
11. 155.5 164.6 147.3 136.7 131.8 126. 9 119.5 
12 160. l' 155,0 150.8 134.2 Ul.9 133.8 122.5 
13 157.1 154.4 147.4 143.0 138.l 140.4 126.~ 
Overall1 152.1 156.9 '147.0 135.0 127.9 130.1 123.3 


















.ABAUSIS OF VARIAIICE OF DAI1Z FEBD COJISUll'TIOB DATA 
BY PERJ.ODS A1ID OVERALI., S'l'DIJf 5 • TRIAL Ill 
· Period number l 2 3 Ji 5 i 7 B 9 10 11 · · 12 _ 13 overall 
So~~e of' variation d.f' .:t Mean squares 
Tota.l d.f', 2. (98) (97) (95) (95) (95) (95) (95) (95) (!JI!.) ' (93) - · (91) (91) (90) (90) 
Blocks - 10 2153 "490 61&> 3090 2353 1566 3672 1<1101 l2l97 -531i-O 3700 8533 9083 31a.12 
Vita.mins: (V) (2) 
Vi, (Linear) _ i 299 ll2l. ~o 123 10 469 
-· . * 
815 · 79 817 - 10 ·_ 1553* 5 561 315 
ila.7 70 1512 * V .( Qua,clratic) l 582 838 498 72 20 43 141 l.410 928 - 1021 72 Q -_ 
Energy: (E} _ (2) 
* - - . - . - - -- - - - - - . * --Er. 1 _ uao ~18 8293 68o1 15995 23241. 2u78. 12373 _ 6212 22187 22259 17367 6394 11741 
_-. * * . 
-~ l. 1159 21.73 "88 27 2ll --- -4470 29(,t> 91.8 ------1149 2092 4i6 *· 358 . ·1 731 
Vi tamiµ.energy 
interaction -- (Ji) 
VL x Ei, l 529 735 426 183 1"6 1.6 28o l.7 - · 203 1868 ~ 618 29 li 
--- -_ VQ xEL 1 175 - 452 2025 74o - 762 Uo4 3'0_ _- 721 1375 87 475 36 5 387 
V1,x ~ l 50 178 li-3 61. 278 _ 958 31.1 878 38 355 124 36o . 634 166 
VQ X ~-. l 31 310 - 63· 395 425 112 7 i5 
ilJJ:· 924- "268 li-35 . 2105 77 
:_~or 2io 375 ·560 
.. 
242 259 Ji.76 382 487 117 674 2li-O 382 11a.o 147 .· 
Error d.f.2 -- 80 79 77 77 77 77 77 77 76 75 73 73 72 72 
1a~f'. - the degrees· of' :freedom :f'or blocks and :f'ar treatments are the same for each period analysis and t_he civer1Lll 0 
· analysis. _ · _ - · _ · _ _ _ · · _ · 
2Tot~l d.f. and error d.f'. - mortaii:ty JIB¥ change ~ degi-ees of' freedom f'rom period ~o p~iod. ~~ tota,l d.f •. 
are_ listed above the· mean squares f'or each period and the .error d.1', are listed below _the mean squares f'cir each period. 
*Sigtd.f'icant at the 5 perceat level. 




AVERAGE DAILY VOLUME OF FEED CONSUMPTION PER HEN, 
BY PERIODS AND OVERALL!, STUDY 5, TRIAL III 
Diet number 11 12 13 14 15 16 17 18 
Period number Milliliters of feed actually consumed 
l 319 325 289 260 263 257 250 261 
2 421 425 379 318 301 298 262 283 
3 394 419 360 313 299 311 278 283 
4 462 473 438 364 345 364 285 300 
5 482 493 468 362 336 360 274 293 
6 461 475 459 331 278 301 256 262 
7 459 476 463 331 304 302 269 264 
8 421 442 425 323 291 297 245 257 
9 429 457 430 335 311 309 296 255 
10 429 461 473 295 311 306 248 277 
11 46(> 494 442 342 329 317 263 277 
12' 480 465 452 336 330 334 270 243 
13 471 463 442 358 345 351 279 321 
Overal.11 437 451 423 327 311 316 267 275 




















AVERAGE DAILY CONSUMPTION OF METABOLIZABLE ENERGY PER HEN, 
BY PERIODS AND OVIRALIJ; STUDY 5 TRIAL III · .· 
Diet aumber 11 12 13 14 15 16 17 18 19 
Desired cons. {Calories} 250 · 300 350 
··• Period number Calories energy actually consumed 
1 312 318 282 313 317 310 340 354 343 
2 381 384 343 383 362 359 378 409 375 
3 356 378 326 377 360 375 378 385 377 
4 284 291 269 352 333 352 362 381 363 
5 296 303 288 350 325 348 348 373 356 
6 283 292 282 320 269 291 326 333 316 
7 282 293 285 320 294 292 343 336 317 
8 259 272 261 312 282 287 311 327 321 
9 264 281 264 324 301 299 376 324 352 
10 264 283 291 285 301 296 315 353 281 
11 287 304 272 330 318 307 334 352 297 
12 295 286 278 324 319 323 343 309 362 
13 290 285 272 346 334 339 355 408 337 
0Verall1 296 306 286 334 316 321 347 357 338 
1overall = based upon cumulative data for all periods. 
TABLE CIX 
EFFICIENCY OF UTILIZATiON OF METABOLIZABLE ENERGY 
BY :PERIODS AND OVERAI,ULV·'STUDY S, TRIAL III 
Diet number 11· 12 13 14 15 16 ··11 
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18 19 
Period number Calories of metabolizable energy per gram of egg 
' 
1 8.0 7.4 8.2 7.5 7.6 7.6 8.3 7.9 8.0 
2 8.8 9.3 10.0 8.8 8.8 9.9 9.1 9.5 9.1 
3 8.6 8.5 8.3 8.6 8.8 9.5 9.2 8.7 8.6 
4 9.5 7.6 9.4 8.3 8.0 8.8 9.4 9.1 8.8 
5 9.3 7.6 10.0 7.8 8.2 8.9 9.0 8.7 8.5 
6 8.1 8.1 10.1 7.7 7.6 7.9 8.7 8.7 8.,7 
7 8.6 8.4 8.0 7.2 7.7 8.5 9.1 8.1 8.3 
8 8.1 6.6 7.4 7.7 7,4 8.6 8·. 1 8.5 9.1 
9 7.7 1.s 7.8 8.4 7.8 a.1 10.8 8.7 10.5 
: 
10 9.5 9.1 9.1 7.7 7.7 9.2 7 .4 10.2 10.1 
u 9.4 11.4 8.6 7.9 8.2 10.7 9.9 9.S · 10.~ 
12 10.9 9.9 9.7 ··s.4 8.0 9,9 10.1 · 9.2 9.2 
13 15.5 13. 7· 11.5 10.0 8.4 11. 6 11. 7 13.1 11.8 
Overau 1 9.1 8.5 9.0 8.1 8.0 9.1 9.4 9.1 9.2 
10verall - based upon cumulative data for all periods. 
TABLE CX 
ANALYSIS OF VARIANCE OF THE mERGY EFFICIENCY DATA 




l 2 3 lj: 5 li 7 s 9 10 11 12 l~ Overall 
Source of variation d.:f •. Mean· s9.uares 
Total d.~.2 (98) (9T) (95) (95) (95) (95) (95) (95} (94) (93) (91) (91) (90) (90) 
l!locks 10 o.48 0.20 2.02 0.22 o.82 1.31 1.20 . 1.98 3.12 1.32 0.53 2.05 3,34 0.33 
VitamiDs: (V) (2) 
VL (Linear) l .· * 0.00 0.21 0.95 0.01 o.o4 0.09 0.01 0.01 0.14 0.55 0.16 0;00 0.08 o.oo 
Vq (Quadratic) l 0.10 0.01 0.56 0.16 o.u 0.52* 9.03 .1.86 0.20 0.00 o.oo 0.21 0.10 o.oa 
Energy: (E) (2) 
Ei.. l o.oo 0.01. 1.59· o.o4 o.oo 0.01. o.oo . o.16 l.75* o.o6 0.02 .0.15 o.45 · 0.02 
\. l 0.10 0.01. 0.56 o.16 0.11_ 0.52* o.ii.. 0.06 0.07 l.95* o.li-2 0.58 g*' . * 1.2 . 0.17 
Vitamin-energy 
interaction (Ii-) 
VL x J\ 1. o.o4 0.03 1.56 0.02 0.17 o.28 0.00 o.o_o . 0.05 . o.08 0.05 0.00 0.01 0.01 
Vq X Ei_ l 0.07 o.oo · 0.85 0.21 ·0.39 0.10 0.02 0.05. 0.03 0.02 o.4o 0.02 0.17 o.oo 
VL x Eq l o.oo o.oo 1..li-5 o.oo 0.01 ·- 0.01 o.4o Q.54 0.1.6 0.29 0.35_ 0.01 0.01. 0.02 
Vq x Eq 1. o~oo o .• 08 0.21 0.13 0.09 0.03 o.o6 o.26 ,O.o6 o.21i- o.o6 o.u 0.56* 0.05 
Error o.o6 o.o4 l..o4 0.10. O;lO 0.1.l. · 0.14 o.47 0.26 0.32 0.12 0.1.5 0.14 o.o4 
1!:rror d.f.2 8o 79· 77 77 77 77 77 77 76 75 73 73 72 72 
14.f' •. - the l}egrees of freedom f'or bl.ocks and :for tr-tments are the same for each period analysis and the overal.l 
~is. 
2.rota1. d.f. and error d~f'. - mortality -i change the degrees ot :freedom :from period to period. The total. d.:f. are 
listed· above the :mean squares :for ~ period and the error d.f. are listed bel.ow the :mean squares for each period. 
·' *Sigllif'ic:ant at the 5 percent 1.evel.. .... ..... 
""' **Significant at th!' 1. percent 1.evel.. 
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zation of energy was significant at the 5 percent level of probability 
(Table CX). The effects of vitamins upon the utilization of energy were 
significant only in Periods 2 and 6. 
Since egg production was not increased by increasing vitamin-mineral 
concentrate levels, there was a significant linear decline in the efficien-
cy of utilization of vitamin-mineral cpncentrate as it was increased in the 
layer diets- (Tables CXI, CXII, and CXIII). Again, as in Studies 2, 3 and 
4, the efficiency of utilization of vitamin-mineral concentrate decreased 
more from the second level of vitamin and mineral supplementation to the 
first than from the third to the second levels. Consequently, the quad-
ratic effects of dietary vitamins and minerals were significant at the l 
percent level of probability. As dietary energy was increased, the effi-
ciency of utilization of vitamins and minerals was improved significantly. 
However, this was to be expected, since less vitamin-mineral concentrate 
was consumed by hens fed the higher energy levels. Egg production was 
enough higher among hens that were fed the second level (300 Calories) of 
energy supplementation than among hens that were fed the third level (350 
Calories), that there was not much difference in efficiency of utilization 
of vitamin-mineral concentrate between the two energy levels. The fact 
that the hens fed these supplemental levels ,of energy utilized the vitamin-
mineral concentrate with approximately the same degree of efficiency, and 
that the 250~Calorie diets were utilized at a considerably lower degree of 
efficiency than the other two, resulted in a significant (P>0.05) quad-




AVERAGE DAILY CONSUMPTION OF VITAMIN-MINERAL CONCENTRATE PER HEN, 
BY PERIODS AND OVERALL1; STUDY 5, TRIAL III . 
Diet numbe.r 11 14 · 17 12 15 18 13 16 19 
Desired cons. ~S!!!. } 0.640 1.065 1.490 
Period number Grams of vitamin-mineral concenbrate actually consumed•. 
1 1.135 0.948 0.884 1. 927 1.480 1.535 2.395 2.190 2.081 
2 1.386 1.160 0.982 2.330 1.690 1. 771 2. 911 2.537 2.275 
3 1.294 1.142 0.984 2.293 1.680 1.668 2.765 2.648 2.288 
4 0.647 0.750 0.663 1.238 1.181 1.160 1.603 1.742 1.542 
5 0.674 o. 747 0.637 1.291 1,150 1.135 1. 714 1. 726 1. 515 
6 0.645 0.681 0.596 1.242 0.953 1.014 1.680 1.446 1.346 
7 0.643 0.682 0.627 1.246 1.042 1.021 1.696 1.447 1.346 
8 0.590 0.664 0.569 1.156 0.998 0.996 1. 557 1.424 1.363 
9 0.600 0.691 0.688 1.196 1.065 o. 986 . 1.575 1.479 1.495 
10 0.601 0.608 0.576 1.206 1.066 1.073 1.732 1.466 1.196 
11 0.653 0. 704 0.612 1.292 1.128 1. 071 1. 619 1. 519 1.263 
12 0.673 0.691 0.627 1.217 1.129 0.941 1. 657 1.602 1.538 
13 0.660 0.737 0.649 1.212 1.182 1.240 1. 619 1. 681 1.432 
Overall1 0.786 0.794 0.700 1.456 1.212 1.201 1.898 1.762 1.595 
1overall ~ based upon cum~lative data for all periods. 
TABLE CXII 
EFFICIENCY OF UTILIZATION OF VITAMIN-MINERAL CONCENTRATE 
BY.PERIODS AND OVE~ALLl, STUDY 5, TRIAL III 
Diet number 11 12 13 
.. 
14 15 16 17 
Period number Grams of concentrate per gram of egg· 
1 0.029 0.045 0.070 0.023 0.036 0.054 0.021 
2 0.032 0.057 0.085 0.027 0.041 0.071 0.027 
3 0.031 0.052 0.070 0.026 0.042 0.067 0.024 
4 0.022 0.032 0.056 0.018 0.028 0.044 0.017 .. 
5 0.021 0.032 0.060 0.017 0.029 0.044 0.016 
6 0.007 0.018 0.035 0.060 0.016 0.027 0.040 
7 0.019 0.036 0.048 0.015 0.027 0.042 0.017 
8 0.018 0.028 0.044 : 0.016 0.026 0.042 0.016 
9 0.018 0.032 0.048 0.018 0.028 0.0~1 0.020 
10 0.022 0.039 0.054 0.016 o. 02,7 0.045 0.017 
11 0.021 0.048 0.051 0.017 0.029 0.054 0.018 
12 0.025 0.042 0.058 0.018 0.028 0.049 0.018 
13 0.035 0.058 0.069 0.021 0.030 
l."·i· 
0.057 0.021 
Overa11l 0 •. 024 0.040 0.060 0.019 0.031 0.050 0.019 
















0.031 o. 0,43 
Period number-- -











VL x EL 
VQ X Ei_ 
YLx~ 
VQ X ~ 
Error 
Error d.f. 2 
TABLE cxm 
ANALYSIS OF VARIABCE OF VITAMIN-MINERAL CONCJ!ffl.'RATE EFFICIENCY DATA 
'BY PERIODS AND OVERALL, STUDY 5, TRIAL III 
- - l 2 3 4 5 6 
1 __ 8 ___ 
9 10 11 12 13 
d::f. Mean sauares-
(98} - (97) (95} (95) (95) (95) (95) (95) (94} (93) (91) (91) (90} 
10 209 120 1.433 572 lo40 2131 1439 3958 2502 1832 848 2788 3857 
(2) - - - ** ** ** .... - +it - - - --l 9528 8716 5564 14380 17173 19618 19170 18563 1.3684 22745 1.6759 12157 - 6851 - - - a94*_ * i48 l. 244 310 533 267 388 1022 _29 272 1519 914 169 
(2) 
123§* 101f' ** - *- - ff ** ff l 238 1074 i462 962 155li 1015 0 1035 978 2365 2710 
• 5 l 135 35 166 123 325 255 38 116 2394* * 544 5~ -1185 
(4) 
l 71 86 523 7 3 73 2 16 52 242 56 70 246 
l ·u 1.0 127 81 1.68 8 7 0 82 71 211 13 55 
l 2 7_ 340 33 94 16 56o 653 201 - 755 432 72 0 
l 35 81. 95 86 64 24 - 27 491 - 1.26 4ol 46 124 650* 
28 24 168 136 116 145 .172 535 236 591. 135 202 l.6o 













l.d.f. - the degree~-Q1' freed~ f'or b~cks and for treatments are the same for each period analysis and the overall 
analys1s. 
~otal d.:f. ~ error .d~f. - ~lity :may change the degrees of freedom f'rom per1ad ta period. The total d.f. are 
listed above the mean squares "for each period and the error d.f'. are listed bel.ow the mean sg_uares for each period. _ 
*Significant at the '5 percent l.evel.. 





Method of'Nutrient Intake Control 
The effect.s of varied energy intake levels upon feed consumption were 
not completely counteracted by dietary volume regulation in either Trial 
II or Trial III. However, it has been shown by these feeding trials that 
the intake of nutrients by laying hens can be regulated within workable 
limits with dietary volume control. Data fro• Trial II indicated that as 
dietary energy and protein were increased there should have been an accom-
panying decrease in dietary volume, It was also indicated that approxi-
mately four weeks were required for hens to reach maximum feed consumption 
when fed high-volume diets. 
The volume adjustments that were suggested by the results of Trial II 
were made in Trial III, and the value ofdiei:ary volume for nutrient intake 
control was improved. . Based upon the resuhs of Trial III, it is reconnnen-
ded that dietary volume be increased to 500 milliliters for experimental 
diets when the desired intake is 250 Calories or less. During the time 
hens are adjusting to high volume diets, volume of the daily diet intake 
should not be over 250 milliliters. Immediately following this perio~ of 
adjustment the hens attempted to compensate for low nutrient intake by con-
suming large quantities of feed; therefore dietary volume should be doubled 
for approximately 8 weeks following the period· of adjustment. 
Although the in·fiuence of protein upon feed consumption was small as 
compared to the effect of energy, there was a definite trend for feed con-
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sumption to increase as dietary protein was increased. The linear effects 
of dietary protein upon feed consumption were statistically significant in 
Studies l, 2, 3 and 4 of Trial III. Therefore, as dietary protein ~s in-
creased, dietary volume should be increased. Level of dietary vitamin-min-
eral concentrate appeared to exert little influence upon feed intake. How-
ever, some of the period analyses indicated that high levels of vitamin 
intake tended to lower feed consumption. 
An interesting aspect of the nutrient intake data is that nutrients 
that add density to diets tend to lower feed consumption in terms of both 
weight and volume. Supplemental fatand vitamin-mineral concentrate both 
increase the density of layer diets and each additional level of these 
nutrients resulted in a decrease in feed consumption (Tables CV and CVII). 
Perhaps the increasing of density is as effective in reducing feed con-
sumption as the increasing of energy or vitamin intake. Considerable re-
search remains to be done in the area of nutrient intake control. However, 
it is the judgement of the author that the findings of these feeding trials 
-which concern nutrient requirements are much more reliable than the findings 
of those feeding trials where nutrient intake has not been regulated. 
Protein and Energy 
Data from Feeding Trial I indicated that regardless of the percentage 
of dietary protein, laying hens would consume approximately 16 grams of 
protein per day. Feeding Trial. II was designed to control nutrient intake, 
in order that comparisons could be made in the performance of laying hens 
that had consumed different protein levels. In this study, protein intakes 
of 14.6, 12.S, 11.7 and 9.7grams per day (Table XVII) were obtained. Al-
though there were no significant differences in egg production or egg 
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weight among the hens .,,.i;~d different experimental diets, hens that consumed 
14.6 grams of protein per day lbst less body weight than hens that consumed 
i 
lower levels of protein. Tl.l,e daily protein requirement for layers was ex-
amined more thoroughly in Trial ~_II. Experimental diets were designed to 
furnish 16 grams of pro~ein per hen per day, and they actually furnished 
17 grams per hen pe~ day. Hens that consumed 17 grams of protein maint~ined 
a higher rate of egg p:roduction for the overall experimental period. than 
did hens that ~onsume4 either 14 or 20 grams of protein per day. Neither 
egg weight nor body weight change was influenced by dietary protein, ex-
cept in Study 3 of Trial III where there was a linear increase in e~g weight 
as dietary protein was increased. Based upon these data, it is recommended 
that a minimum of 16-17 grams of protein should be supplied to laying hens 
each day. 
There was some '$.vidence from Study 1 of Trial III that protein require-
ments might depend to .some extent on the age of laying hens. Hens that 
were fed 19 grams of dietary protein prod~ce~ fewer eggs than did those 
fed either 13 or 16 grams during the first nine experimental periods. From 
the ninth through the thirteenth period, hens that were fed 19 grams of 
4ieta.,ry pro.tein produced more eggs than did hens that were fed the other 
protein intake levels. Results of Study 2 of Trial III indicate that when 
hens are fed diets that will not permit an energy consumption per hen of 
over .aoo Calories per day, high dietary protein and vitamin,:..mineral concen-
trate levels will allow the hens to produce eggs at a higher rate than will 
low dietary levels of these nutrients. Hens that consumed 19 grams of pro-
tein and 1.065 grams of vita~in-mineral concentrate per day maintained a 
higher rate of egg production than hens that we;re fed either 13 or 16 grams 
of protein combined with vitamin-mineral concentrate levels of 0.215 and 
0.640 grams. 
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In th~ feeding trials reported in this thesis, daily consumption of 
metabolizable energy exerted more influence upon egg producti~n than did 
either protein or vitamin-mineral concentrate consumption. It w~.s observed 
I• 
in Trial I that hens would consum'e appr6ximately 300 Calories per day re-
gardless of the number of Calories per pound of diet. Egg production was 
highest when 320-330 Calories of metabolizable energy were consumed per 
hen per day. These findings were verified by the results of Trial III. 
Both the linear and the qua_dratic effects of energy intake-.upon egg pro-
duction were statistically significant in Studies land 5 of Trial III. 
As energy intake per hen was increased, egg production increased. 
Body-weight-change of the hens was greatly influenced by daily energy 
intake. As daily energy intake was increased there was a linear increase 
in body we_ight. The linear effects of energy intake upon body-weight-
change were statistically significant in Studies land 5 of Trial III. 
There was some evidence that energy intake per hen had an effect upon egg 
weight, As energy intake per hen was increased in Study 5 of Trial III, 
there was a linear increase in egg weight. 
From the previous discussion it is evident that laying hens perform 
best when fed diets that furnish 16 to 17 grams of protein and 320-330 
Calories of .metabolizal:>le energy per hen per day. In terms of daily re-
.quirements per hen, this is a Calorie:protein ratio th.at ranges from 19.4:1 
to 20:1. !fficiency of utilization of energy, expressed as Calories of 
energy per gram of egg, did not show a linear decrease with each :incr·~se 
in dietary energy. Ben.s that consumed 300 Calories per day utilized·the 
energy more efficiently than hens that consumed 350 Calories, but the most ·, 
. . 
efficient utilization occurred when 330 Calories were consumed per hen per 
day. Protein was utilized most efficiently by hens that were fed diets 
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that contained 13 grams of protein. The efficiency of protein utilization 
progressively decreased as protein intake increased. Linear effects of 
protein intake upon the efficiency of protein utilization were significant 
at the 1 percent level of probability in Study 1 of Trial III. 
Protein-energy interrelationships were evident in Study 1 of Trial 
III. The effects of protein intake upon egg production varied depending 
upon the energy intake level that was fed. The general trend with the 250-
Calorie diets was for egg production to be highest on the 16-gram-protein 
diets. With 300-Calorie di.ets, egg production tended to increase as die• 
tary protein intake increased. Near equal egg production was obtained from 
hens that were fed 13 or 16 grams of protein combined with 350 Calories of 
energy, while those fed 19 grams of protein produced fewer eggs than did 
either of the other two groups. These energy x protein interaction trends 
were signi fica.!'lt in Periods 3, 4, 5 and 7 of Study l. 
Vitamins and Minerals 
Data from Trial I indicate that intake of vitamins might play an im• 
portant role in the overall performance of laying hens. Rens that were 
fed Diet l in Trial I consume.d a smaller quantity of vitamins and produced 
fewer e~$S than h.ens fed the other experimental diets. Body weight gains 
were l~ss for those hens that were fed Diets 1, 2, 3 and 4 than for those 
hens tha,t were fed Diet 6. It was postulated that difference,s in vitamin 
intake per hen per day might be a reason for these differences in perform-
ance. However, data. from Trial III do not verify tb.is possibility. With 
·:t 
the possible exception of the hens in Study 2, vitamin-mineral concentrate 
intake had no significant influence upon egg production, egg weight or feed 
consumption in Trial III. In Study 2, hens that were fed a vitamin-mineral 
182 
concentrate at a level of l.065 grams per hen per day maintained a slightly 
higher rate of egg production than hens that were fed the vitamin-mineral 
concentrate at levels of 0·.215 or 0.640 grams. However, these hens were 
allowed to consume only 300 Calories of energy, and the higher rate of egg 
production was obtained from hens that received 1.065 grams of vitamin-
mineral concentrate when it was combined with 19 grams of protein. It is 
possible that the higher protein and vitamin-mineral concentrate levels 
were beitg utilized as energy in this particular situation. 
In Study 5, there was some evidence that the intake of vitamin-miner-
al concentrate had some influence upon feed consumption. Feed consumption 
per hen was slightly less when the hens were fed the highest vitamin-min-
eral concentrate intake level of 1.490 grams. Even though vitamin-mineral 
concentrate consumption levels were generally higher than desired in Trial 
III, less vitamins were consumed by the hens in Trial III than by the hens 
in Trial I, Therefore, it is doubtful that vitamin intake had any effect 
upon the performance of the hens in Trial I. The efficiency of utilization 
of vitamin-mineral concentrate, expressed as grams of concentrate per gram 
of egg, decreased as dietary vitamin-mineral concentrate was increased. 
Vitamin x protein interactions were signisficant in Studies 2, 3 and 
4 of Trial III. The effects of these interactions were particularly evi~ 
dent in the body-weight-change data of this trial. During any single ex-
perimental period, body weight gain might increase with each increase in 
dietary intake of vitamin-mineral concentrate. However, the opposite 
might happen during the next experimental period. The net effects of lev-
el of intake of vitamin-mineral contrate upon body-weight-change were gen-
erally not significant in the overal.l statistical analyses. 
'-· .... ' 
Trial III, wh;tch is being continued for 6 additfonal experimental 
183 
periods beyond the scope of this study, may yet reveal some interesting 
facts concerning the effects of vitamin-mineral concentrate intake upon 
the overall performance ef layers. It is the opinion of the author th.at 
pullets which have been grown on diets high in vitamins and ~inerals need 
small quantities of supplemental vitamins until their first ye~r of egg 




A technique of nutrient intake control was developed for use in lay-
in~ hen diets. Although. the effects of varied energy intake levels upon 
feed consumption were not completely counteracted by manipulations of 
dietary volume, definite gradations in the intake of protein, energy and 
vitamin-mineral concentrate were obtained. Protein intake per hen per 
day was approximately 14, 18 and 20 grams in diets which were ca"tculated 
to supply 13, 16 and 19 grams, respectively. Hens were able to consume 
approximately 300 Calories of metabolizable energy per hen per day on 
' \ diets t;:hat were calculated to furnish 250 Calories. Approximate.ly 330 
Calories were consumed by hens fed 300-Calorie diets, while the 350-Calo-
rie diets were consumed at approximately the desired level. Diets that 
were calculated to supply 0.215, 0.640,, 1.065, 1.490 and 1.915 grams of 
vitamin-mineral concentrate per hen per day actually.supplied 0.25, 0.8, 
1. 3. ) . 6 and 2.1 grams, i;espectively. 
Generally, the performance of laying hens in these feeding trials 
was best w~en they consumed 16 to 17 grams of protein per hen per d,ay. 
The most efficient protein utilization occurred when each hen consumed 
14 grams of protein per day. Pro·tein intake had no appreciable effect 
upon body-weightmchange. In Study 1 of Trial III, it was found tb.at as 
dietary protein intake was increased, there was a linear increase in egg 
weight. It was also found in Trial II that dried whole egg solids, fed 
as the only source of dietary protein, would maintain egg production for 
at least a twelve-week production period. 
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Rens that consumed 320 to 330 Calories of metabolizable energy per hen 
per day produced more eggs than hens that consumed either 300 or 350 Calo-
ries. There was a significant trend for the efficiency of energy utili,.za-
tion to dec~ease as energy consumption iticr;eased, but the most efficient 
utilization of energy occurred when hens were fed diets that supplied 320 
to 330 Calories of energy per day. Energy consumption had a significant 
influence upon body-weight-cha~ge. As energy consumption increased, body-
weight-gain of the hens increased. In Study 5 of Trial III, egg weight 
tended to increase with each increase in energy intake. 
There were no significant mairt_effects of vitamin-mineral concentrate 
intake upon egg production, egg weight or feed consumption at the end of 
the 12-month experimental period reported herein. Vitamin x protein inter-
action effects upon body weight were significant in several analyses of 
variance for specific experimental period~. However, the .effects of vita-
min-mineral concentrate .intake upon body-weight-change were not significant 
in any of the overall analyses. The efficiency of utilization of vitamin-
t11:~:n!ra;_con~entt'at:e_declined progressively as the consumption of the con-
centrate was increased. 
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